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A  FORMULA  FOR  THE  nth  DERIVATIVE  AND  TWO 
GENERALIZED  MEAN  VALUE  THEOREMS 


by  J.  E.  ADAMS  and  E.  D.  McCUNE 

Department  of  Mathematics  and  Statistics 
Stephen  F.  Austin  State  University 
Nacogdoches ,  TX  75962 

ABSTRACT 

An  expansion  of  the  nth  derivative  and  two  mean  value  theorems  is  presented  using  only 
the  techniques  of  elementary  mathematical  induction  for  their  proofs. 

INTRODUCTION 

A  very  important  technique  in  the  development  of  mathematics  is  the 
attempt  to  expand  a  restricted  theorem  to  a  general  form  which  encom¬ 
passes  the  original  theorem  as  well  as  many  other  cases.  Often  times  this 
procedure  leads  to  the  investigation  and  proof  of  generalized  results  for 
other  theorems  which  were  not  considered  initially  but  are  related  in  some 
way  to  the  original  theorem.  This  paper  illustrates  this  “mushrooming” 
effect  by  generalizing  some  well  known  theorems  from  elementary 
calculus. 


THEOREMS 

There  is  no  claim  here  of  blazing  new  mathematical  frontiers.  In  fact, 
the  statement  of  Theorem  1  below  appeared  in  a  paper  by  Gould  (1978) 
with  a  proof  using  L’Hospital’s  rule.  The  main  emphasis  of  this  paper  is 
that  some  very  important  concepts  are  presented  which  involve  only  ele¬ 
mentary  mathematical  induction  in  the  proofs. 

The  theorems  are  unified  in  an  interesting  way  by  the  proofs  and  would 
be  an  excellent  assignment  for  a  good  calculus  student.  With  proper 
assistance,  a  student  can  discover  the  “idea  of  generalization”  and  at  the 
same  time  learn  to  be  aware  of  possible  relationships  to  other  areas. 

Theorem  1.  Let  f  be  a  real  valued  function  for  which  f(m)  exists  on  some 
domain  D,  then  for  x  e  D  and  0<n<m, 

C(x)  =  limit  -E  2  (-l)k(")f(x  -  kA).  (1) 

A-0  A  k  =  0  k 

Proof.  The  proof  is  by  induction  on  finite  subsets  of  the  form  Fm  —  {1,  2, 
3, .  .  .  ,m}  and  under  the  assumption  that  f(m)  exists  on  some  domain  D  and 
x  e  D.  Note  (1)  is  also  true  for  m  =  0. 
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Case  1 .  By  definition  of  derivative,  the  theorem  is  true  for  m  =  1. 

Case  2.  The  induction  hypothesis  is  that  for  some  n,  0  <  n  <  m,  equation 
(1)  holds.  Now  using  the  induction  hypothesis  and  the  identity 

QKO-CD-'^- 

one  has 

f(n  +  1’(x)  = 

.  f"”(x)  -  f<n,(x  -  A) 

=  limit  - 

A  -  0  A 

=  limit  —Tt  2  (-l)k(")[f(x  -  kA)  -  f(x  -  (k  +  1)A)] 

A  —  0  A  k  =  0  k 

=  limit  — rr'i  [f(x)  +  2  (— l)k(n  1  )  f(x  -  kA) 

A-0  A  k  =  1  '  k 

+  (-D”+1(nt  !)f(*  -  (n  +  l)A)] 

xn  +  1 ' 

j  n  +  1  /n  -f  i  \ 

=  limit  An  +  1  2  (-l)k(  ;f(x  -  kA). 

A-0a  k  =  0  xk7 

Therefore  (1)  is  valid  for  all  values  of  n  for  which  f*n)  is  defined,  i.e.  0  <  n 
<  m. 

The  following  theorem  is  a  mean  value  theorem  for  the  nth  derivative 
of  a  function  expressed  in  terms  of  the  original  function. 

Theorem  2.  If  f  has  a  continuous  £th  derivative  defined  on  [a,b],  then  for 
each  x  e  (a,b]  and  A  >  0  such  that  [x  —  fiA,x]  C  [a,b]  there  exists  x0  e  (x  — 
£A,x)  such  that 

9.  (_1)kC)f(x  “  kA> 

f<il,(xo)  =  £  - -  (2) 

k  =  0  A 

Proof.  The  following  identity  may  be  established  by  an  inductive  argu¬ 
ment  similar  to  the  one  used  in  the  proof  of  the  previous  theorem.  For  £  > 
1,  0  <  n  <  £  and  x  —  (£  —  1)A  <  tn-i  <  . . .  <  ti+i  <  ti  <  ...  <  ti  <  x. 
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1  X  tl  t2  tn — 2  In — 1 

-nr-  X  X  X  ...  X  X  fn,(t„)dt„. .  .dt, 

A  x  —  A  ti— A  t2  —  A  t„-2-A  t„-rA 

n  (-Dk(")f(x-kA) 

=  2  -  (3) 

k  =  0  An 

Now  since  f(n)  is  continuous  for  all  n,  0  <  n  <  £,  the  mean  value  theorem 
for  integrals  may  be  applied  to  the  left  side  of  (3).  This  yields  for  some 
x0  e  (x  —  £A,x)  C  [a,b], 

1  X  tl  tn —  1 

Tn  X  X  ...  X  f"’l(t„)dtn...dt, 

A  x-A  t,  —  A  t„-,-A 

J  X  1 1  tn — 2 

=  — nr-  X  X  ...  X  f*”  (xo)dt„- ,dt„-2. .  .dti 

A  X-A  tl  —  A  tn  —  2  4 
=  n—  Anf(n)(x0)  =  f<"'(x„). 

This  completes  the  proof  of  the  theorem  except  for  the  trivial  cases  where 
£  =  0  or  £  =  1. 

It  should  be  noted  at  this  point  that  if  in  Theorem  2x  =  b,  A  =  b  —  a, 
and  £  =  1  then  one  obtains  the  mean  value  theorem  for  derivatives  as 
stated  in  most  introductory  calculus  texts.  It  is  also  the  case  that  the  mean 
value  theorem  in  elementary  calculus  is  generalized  to  the  ratio  of  first 
derivatives,  called  the  Cauchy  mean  value  theorem  and  is  then  used  in  the 
proof  of  L’Hospital’s  rule.  Similarly,  one  can  now  extend  Theorem  2  to 
obtain  a  generalized  Cauchy  mean  value  theorem. 

Theorem  3.  Let  f  and  g  have  continuous  £th  derivatives  defined  on  [a,b].  If 
for  all  z  e(a,b),  g(2)(z)  ^  0,  then  for  each  x  e  (a,b]  and  A  >  0  such  that 
[x  —  £A,x]  C  [a,b]  there  exists  xD  e  (x  — £A,  x)  such  that 


HV) 


2  (— l)k(f )f(x  —  kA) 
=  0  K _ 

2  (-l)k(®)g(x-kA) 


(4) 
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Proof.  Define  a  function  H2  as 

Hs(y)=  1  (— l)k(f  )g(x  — kA)f(y)—  1  (— 1  )k  (f  )f(x  —  kA)g(y)  .(5) 
k  =  0  k  k  =  0 

It  is  obvious  that  H2  satisfies  the  hypothesis  of  Theorem  2.  Hence,  for  each 
x  e  (a,b]  and  A  >  0  such  that  [x  —  £A,x]  C  [a,b]  there  exists  xc  e  (x  —  £A,x) 
such  that 


&  /£  \ 

2  (~l)s(  /H2(x  —  sA) 
c  —  n  xs ' 

H'V)= - 7 -  •  (6) 

A' 

Now  using  an  inductive  argument  and  a  certain  amount  of  algebraic 
manipulation,  it  can  be  shown  that 

&  i%\ 

2  (-l)s(  /He(x  —  sA)  =  0.  (7) 

s  =  0  s 


Hence  (5),  (6),  and  (7)  imply 

S  (_1)k(f )g(x_kA)f!(x°)=  2  (-1)k(f )f(x _ kA)g'(Xo) 

k  =  0  k  k  =  0  k 

and  since  for  all  z  e  (a,b),  g'(z)  7^  0,  the  proof  is  complete. 

As  before,  if  in  Theorem  3x  =  b,  A  =  b  —  a,  and  £  =  1  then  one  obtains 
the  Cauchy  mean  value  theorem  as  commonly  stated  in  most  introductory 
calculus  texts. 
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ABSTRACT 

The  following  species  are  reported  from  Puerto  Rico:  Doryphoribius  zappalai,  Haplomac- 
robiotus  castrii,  Macrobiotus  areolatus,  Macrobiotus  harmsworthi,  Macrobiotus  hufelandi, 
Macrobiotus  richtersi,  Milnesium  tardigradum,  and  Pseudechiniscus  suillus.  Discussion  is 
given  on  a  possible  reason  for  the  low  number  of  species  and  small  size  of  the  populations 
which  were  found. 

INTRODUCTION 

The  Caribbean  region  has  had  little  work  done  on  the  Tardigrada 
fauna  and  Puerto  Rico  is  no  exception  to  that.  Bois-Reymond  Marcus 
(1960)  reported  only  6  species  known  from  the  whole  Caribbean  region. 
Fox  (1961)  reported  the  discovery  of  an  Echiniscus  from  the  San  Juan  area 
of  Puerto  Rico.  This  species  was  later  described  as  the  new  species  E. 
molluscorum  (Fox  and  Garcia-Moll,  1962).  In  a  later  paper,  Fox  (1966) 
reported  Macrobiotus  hufelandi  and  Milnesium  tardigradum  from  the 
same  habitat.  Prior  to  these  papers  by  Fox  there  had  been  no  reports  of 
tardigrades  from  Puerto  Rico  and  there  have  been  none  since. 

MATERIALS  AND  METHODS 

The  specimens  reported  in  this  study  were  collected  in  habitat  samples 
by  Dr.  Harley  P.  Brown,  University  of  Oklahoma,  during  May  of  1965  and 
by  the  author  during  the  summer  of  1971.  A  total  of  31  habitat  samples 
were  collected,  8  of  which  contained  tardigrades.  Undoubtedly  some  of 
the  other  samples  originally  contained  waterbears  which  perished  due  to 
the  inability  to  dry  the  samples  properly  following  collection  caused  by 
the  constantly  humid  weather. 

The  vegetation  samples  were  soaked  in  water  for  3-4  hr,  after  which  the 
tardigrades  were  removed  with  a  micropipette.  Wholemount  slides  were 
prepared  using  Faure’s  medium  (Ramazzotti,  1972).  The  slides  are  pres¬ 
ently  in  the  author’s  collection. 

The  localities  from  which  tardigrades  were  obtained  are  as  follows: 

1.  Rio  Abajo  Forest  Reserve,  Lowland  Rain  Forest 
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2.  Caribbean  National  Forest,  Luquillo  Division,  Montane  Forest 

3.  Approximately  Vi  mile  west  of  Bayamon  (Highway  2  at  165),  a  Hay¬ 
stack  Hill  in  Seasonal  Evergreen  Forest 

4.  Reserva  Forestal  Maricao,  Lower  Montane  Rain  Forest 

The  classification  used  in  this  paper  is  according  to  Schuster,  et  ai, 
(1980). 


SPECIES  LIST 

Doryphoribius  zappalai  Pilato,  1971 

One  specimen  from  a  moss  sample  Neckera  sp.  from  locality  Number  3. 

Haplomacrobiotus  castrii  Ramazzotti,  1964 

One  specimen  from  a  moss  sample  ( Plagiochila  rutilans)  from  locality 
Number  1. 

Macrobiotus  areolatus  Murray,  1907 

One  specimen  from  a  moss  sample  ( P .  rutilans)  from  locality  number  1. 

Macrobiotus  harmsworthi  Murray,  1907 

One  specimen  from  a  moss  sample  ( P .  rutilans)  from  locality  Number 
1;  one  specimen  from  a  mixed  sample  of  lichens  and  mosses  from  locality 
Number  2;  one  specimen  from  an  epiphyllous  moss  from  locality  Number 
2;  two  specimens  from  a  moss  ( Plagiothecium  jamaicense)  from  locality 
Number  4. 

Macrobiotus  hufelandi  Schultze,  1833 

Five  specimens  from  a  moss  ( P .  rutilans)  from  locality  Number  1;  one 
specimen  from  a  mixed  sample  of  lichens  and  mosses  from  locality 
Number  2;  eleven  specimens  from  an  epiphyllous  moss  from  locality 
Number  2. 

Macrobiotus  richtersi  Murray,  1911 

One  specimen  from  a  moss  (Neckeropsis  sp.)  from  locality  Number  3; 
one  specimen  from  an  unidentified  moss  from  locality  Number  4. 

Milnesium  tardigradum  Doyere,  1840 

One  specimen  from  a  moss  ( P .  rutilans)  from  locality  Number  1;  one 
specimen  from  a  mixed  sample  of  lichens  and  mosses  from  locality 
Number  2;  one  specimen  from  an  unidentified  lichen  from  locality 
Number  4. 

Pseudechiniscus  suillus  Ehrenburg,  1853 

One  specimen  from  a  moss  ( P .  rutilans)  from  locality  Number  1. 
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DISCUSSION 

With  the  exception  of  the  Doryphoribius  and  Haplomacrobiotus ,  the 
species  found  are  considered  to  be  cosmopolitan.  D.  zappalai  has  been 
considered  to  be  aquatic.  Based  upon  this  collection,  plus  one  from  Mex¬ 
ico,  it  appears  that  this  species  is  more  probably  hygrophilic.  H.  castrii 
has  previously  been  reported  only  from  Chile. 

The  number  of  species  and  individuals  collected  is  lower  than  expected, 
but  there  may  be  logical  reasons  for  the  smaller  numbers.  Many  of  the 
samples  were  collected  from  rain  forest  and  in  that  environment  would  be 
almost  continually  moist.  This  would  be  an  unfavorable  habitat  for  the 
xerophilic  species.  Ramazzotti  (1972)  recognized  that  the  Echiniscidae  are 
much  less  common  in  more  shaded,  moist  environments.  This  is  probably 
true  for  other  xerophilic  species,  thus  reducing  the  number  of  species 
which  might  be  expected  in  parts  of  the  tropics  and  subtropics.  Most  of 
the  species  collected  in  this  study  are  ones  that  have  been  considered  to  be 
euryhydric. 

It  has  been  suggested  that  some  species  may  actually  require  periods  of 
dryness  alternating  with  moisture  Rahm  1926,  Cuenot,  1932),  meaning 
that  the  anhydrobiotic  state  may  be  of  some  value  other  than  surviving 
periods  of  dryness.  Although  there  has  been  no  experimental  support  of 
this,  the  relatively  constant  environment  of  the  tropics  and  subtropics 
may  not  be  as  favorable  to  the  Tardigrada  as  it  superficially  appears. 

Maguire  (1959)  reported  the  presence  of  tardigrades  in  the  water  which 
collects  in  the  cup-like  structure  formed  by  the  bases  of  the  opposite  leaves 
of  the  teasel,  Dipsacus  sylvestris.  Although  many  tropical  plants  accumu¬ 
late  water  in  a  similar  way,  no  tardigrades  have  been  reported  from  such 
reservoirs.  There  are  no  reported  investigations  of  such  habitat  specifi¬ 
cally  for  tardigrades,  but  more  general  faunal  studies  have  been  done  (e.g., 
Laessle,  1961).  Whether  or  not  they  do  occur  in  this  seemingly  probable 
habitat  will  only  be  shown  through  future  work. 
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ABSTRACT 

Species  of  26  genera  of  subaerial  Chlorophyceae  were  observed  and  recorded  (and  many 
isolated  into  the  unialgal  and/or  axenic  state)  using  the  technique  of  enrichment  culture  in 
various  inorganic  media.  A  survey  of  the  literature  and  the  results  of  the  authors’  investiga¬ 
tion  reveal  a  much  more  diverse  flora  of  the  green  algae  on  stone,  bark  and  wood,  and  on 
lichens  than  has  often  been  recognized.  Representatives  of  19  genera  were  cultured  from 
scrapings  of  limestone,  18  from  bark  and  wood  and  4  from  the  surface  of  lichens.  Most  of  the 
collection  sites  were  in  Central  Texas.  Several  additional  organisms,  probably  new  to 
science,  are  being  studied  further. 

INTRODUCTION 

That  algae  live  and  grow  on  stone,  bark  and  wood  has  long  been  known 
(Petersen,  1915;  Fritsch  and  Rich,  1928;  Kolkwitz,  1932;  Jaag,  1945;  Brook, 
1968;  Allen,  1968,  1971;  Foerster,  1971;  Schlichting,  1975;  Wylie  and 
Schlichting,  1973).  In  such  habitats  they  apparently  flourish  in  spite  of 
widely  varying  amounts  of  rainfall  and  relative  humidity.  Many  of  us 
were  taught,  and  no  doubt  some  are  still  being  taught,  that  the  green  alga 
Protococcus  (sometimes  known  as  Pleurococcus)  grows  on  tree  bark  with 
a  northern  exposure.  This  is,  no  doubt,  true  in  many  cases,  but  one  of  the 

‘The  1967-1968  collections  and  collection  sites  and  the  data  obtained  from  these  were  des¬ 
cribed  in  the  M.A.  thesis  (1968)  at  the  University  of  Texas,  Austin  by  Linda  Kay  Edwards, 
now  Linda  E.  Graham.  The  investigations  during  1979  and  costs  of  publication  have  been 
supported  by  funds  accruing  to  the  C.  L.  Lundell  Professorship  of  Systematic  Botany  at  the 
University  of  Texas  at  Austin. 
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purposes  of  this  report  is  to  record  the  additional  great  variety  of  green 
algal  genera,  species  of  which  live  on  stone,  bark  and/or  wood,  and  walls, 
some  of  them  associated  with,  but  not  necessarily  phycobionts  of,  lichens. 

MATERIALS  AND  METHODS 

Samples,  usually  scrapings,  from  limestone  walls  and  buildings,  most 
of  them  on  the  campus  of  the  University  of  Texas  at  Austin,  and  from 
lichenized  and  unlichenized  bark  and  wood  were  collected  aseptically 
during  1967,  1968  and  1979.  The  1979  samples  from  limestone  were  taken 
from  approximately  the  same  sites  as  those  collected  in  1967  and  1968  by 
the  first  author.  A  total  of  49  samples  were  collected  from  stone  and  27 
from  bark  and/or  wood.  The  bark  and/or  wood  samples  came  from  cen¬ 
tral  and  east  Texas,  West  Falmouth,  MA,  from  Scranton,  PA,  and  from 
Lake  Minnewaska,  NY. 

Aliquots  of  the  samples  were  introduced  aseptically,  soon  after  collec¬ 
tion,  into  125-ml  Erlenmeyer  flasks  each  of  which  contained  one  of  a 
variety  of  sterile  inorganic  culture  media.  The  latter  included  Bold’s  Basal 
Medium  (Bischoff  and  Bold,  1963),  Knop’s  Solution  (Bold,  1942)  and 
Kantz’  Medium  (Kantz  and  Bold,  1969).  The  inoculated  flasks  were  placed 
in  an  illuminated,  walk-in  culture  room  with  an  approximate  tempera¬ 
ture  of  22  C  and  a  light-dark  regime  of  12:12  or  18:6.  In  about  2-3  wk,  after 
good  algal  growth  had  appeared  in  the  flasks,  the  algae  present  were 
observed  and  recorded  periodically  during  about  5  mo.  Unialgal  and/or 
axenic  cultures  were  obtained  by  streaking  or  spraying  diluted  suspen¬ 
sions  of  the  algae  onto  agarized  media  from  which  discrete  colonies  were 
later  transferred  to  individual  culture  tubes  containing  sterile  media. 

It  is  obvious  that  some  selection  of  algae  growing  in  nature  occurs  with 
these  techiques.  For  example,  Protococcus  ( Pleurococcus )  and  some  Tre- 
bouxia  isolates  grow  slowly  when  submerged  in  liquid.  Such  algae  were 
grown  on  the  surface  of  agar. 

RESULTS  AND  DISCUSSION 

Table  1  summarizes  the  green  algae  appearing  in  enrichment  culture 
media  inoculated  aseptically  with  samples  of  material  collected  from 
limestone,  bark  and/or  wood  and  lichens.  Representatives  of  26  genera  of 
Chlorophyceae  developed  in  the  enrichment  cultures.  The  great  diversity 
of  organisms  cultured  from  limestone  in  1979  reflects,  in  part,  the  greater 
(50%)  number  of  sites  samples  in  that  year.  Species  of  19  genera  were 
cultured  from  limestone  buildings  and  walls  and  18  from  bark  and/or 
wood.  Ankistrodesmus ,  Borodinellopsis ,  Desmococcus ,  Oocystis, 
Muriella,  Planktosphaeria ,  Pleurastrum,  Protococcus  and  Scenedesmus 
each  appeared  in  enrichment  cultures  of  only  one  type  of  sample,  i.e., 
stone,  bark,  wood  or  lichens.  By  contrast,  C hlamydomonas ,  Chlorella  and 
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TABLE  1 

Summary  of  Genera  of  Chlorophyceae  Identified 


Limestone 

Bark  and  Wood 

Lichensc 

1967-68 

1979 

lb 

M 

Pa 

NY 

T 

Ankistrodesmus 

Na 

+ 

Borodinellopsis 

N 

+ 

Bracteacoccus 

N 

+ 

+ 

+ 

Chlamydomonas 

N 

+ 

+ 

+ 

+ 

+ 

+ 

Chlorella 

P 

+ 

+ 

+ 

+ 

+ 

Chlorococcum 

N 

+ 

+ 

+ 

Chlorosarcinopsis 

N 

+ 

+ 

+ 

+ 

+ 

Coccomyxa 

PN 

+ 

+ 

Desmococcous 

N 

+ 

Geminella 

PN 

+ 

Klebsormidium 

N 

+ 

+ 

+ 

+ 

+ 

Leptosira 

P 

+ 

Muriella 

N 

+ 

Neospongiococcum 

N 

+ 

+ 

Oocystis 

N 

+ 

Palmellopsis 

N 

+ 

Planktosphaeria 

N 

+ 

Pleurastrum 

N 

+ 

+ 

+ 

Protococcus 

PN 

+ 

Pseudotreboux  ia 

P 

+ 

+ 

Scenedesmus 

N 

+ 

Spongiochloris 

N 

+ 

+ 

Stichococcus 

PN 

+ 

+ 

+ 

+ 

+ 

+ 

T  etracystis 

N 

+ 

+ 

Trebouxia 

+ 

+ 

+ 

+ 

+ 

Trichosarcina 

+ 

aN:  Not  a  phycobiont  at  the  collection  site 
P:  Possibly  or  probably  a  lichen  phycobiont 
PN:  Probably  not  a  phycobiont  at  the  collection  site. 
bSamples  from: 

T:  central  and  east  Texas 
M:  W.  Falmouth,  MA 
Pa.:  Scranton,  PA 

N.Y.:  Lake  Minnewaska,  N.Y.  (Courtesy  H.E.  Hazelton) 
cThree  lichens,  namely,  2  Parmelia  sp.  and  1  Telochistes  sp. 

Trebouxia  occurred  on  all  these  substrates,  while  organisms  of  11  other 
genera  occurred  on  both  stone  and  bark.  In  addition  to  the  algae  listed  in 
Table  1,  several  other  green  algae,  as  yet  unidentified  and  possibly  new  to 
science,  developed  in  the  enrichment  cultures.  Of  the  26  genera  listed, 
only  Chlorella  and  Trebouxia  probably  served  as  phycobionts  (P)  of 
lichens  (Ahmadjian,  1967)  at  the  sites  from  which  they  were  collected. 
Coccomyxa,  Protococcus  and  Stichococcus  were  most  probably  not  com¬ 
ponents  of  lichens.  This  was  verified  by  examining  the  phycobionts  of  the 
lichens  from  the  surface  of  which  these  genera  were  cultured.  Wylie  and 
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Schlichting  (1973),  in  a  study  of  corticolous  algae  in  North  Carolina, 
found  species  of  8  of  the  genera  of  green  algae  encountered  in  the  present 
investigation  and,  in  addition,  Trentepohlia. 

Finally,  it  should  be  mentioned  in  passing  that  enrichment  cultures  in 
Bold’s  Basal  Medium  with  0.1  nitrogen  and  Kantz’  medium  (also  low  in 
nitrogen)  supported  more  diverse  and  abundant  blue-green  algae  than  did 
the  media  with  higher  concentrations  of  nitrogen. 
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ABSTRACT 

Craspedacusta  sowerbyi,  the  only  species  of  freshwater  jellyfish  in  the  United  States,  was 
collected  from  Nacogdoches  Reservoir  in  July  and  August  1979.  This  collection  marks  the 
third  report  of  the  species  in  the  state  and  extends  the  range  into  East  Texas,  approximately 
320  km  east  of  previously  published  state  occurrences.  Physico-chemical,  biological,  and 
limnological  characteristics  of  the  reservoir  and  collection  area  are  discussed. 

INTRODUCTION 

Craspedacusta  sowerbyi  Lankester  (Hydrozoa:  Trachylina)  is  a  fresh¬ 
water  jellyfish  (Fig.  1)  first  reported  in  England  in  1880  (Lankester,  1880). 
Many  authors  have  reported  its  occurrence  in  the  United  States  (Bennitt, 
1932;  Cheatum,  1934;  Schmitt,  1939;  Woodhead,  1943;  Dexter,  et  al,  1949; 
Arnold,  1951;  Pennak,  1953,  1956;  Lytle,  1958,  1960;  Smrchek,  1970; 
Ziesser  and  Burke,  1979).  Apparently  the  organism  is  not  common  in 
Texas,  with  only  2  collections  reported  (Cheatum,  1934;  Schmitt,  1939), 
both  in  the  central  portion  of  the  state.  Dr.  Glenn  Longley,  Southwest 
Texas  State  University  (pers.  comm.)  has  collected  medusae  from  Canyon 
Reservoir,  also  in  central  Texas. 

Several  medusae  of  C.  sowerbyi  were  collected  by  the  authors  from 
Nacogdoches  Reservoir,  Nacogdoches  County  in  July  and  August  1979. 
This  collection  extends  the  range  of  C.  sowerbyi  into  East  Texas,  approx¬ 
imately  320  km  east  of  the  closest  distribution  record  in  the  state. 

ECOLOGICAL  OBSERVATIONS 

The  medusae  were  collected  by  a  vertical  tow  with  a  No.  20  plankton 
net  at  2  locations  on  the  reservoir  (Fig.  2).  Station  1  was  100m  north  of  the 
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Figure  1.  Dorsal  view  of  the  medusa  stage  of  Craspedacusta  sowerbyi  (above)  showing 
radial  canals,  manubrium,  gastrovascular  cavity,  and  tentacles  on  margin  of  the 
bell.  An  oblique  ventral  view  of  the  medusae  (below)  exposes  the  velum,  which  is 
a  thin  membrane  attached  to  the  margin  of  the  bell,  the  manubrium,  and  numer¬ 
ous  tentacles.  (6X). 
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Figure  2.  Nacogdoches  Reservoir  and  location  of  collecting  sites. 
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TABLE  1 

Mean  Values  for  Physico-Chemical  Analyses 
at  Nacogdoches  Reservoir  (Surface)  During  July 
and  August  1979 


Temp 

02 

Ca+2 

Turbidity 

Station 

(°C) 

(mg/1) 

(mg/1) 

(NTU) 

pH 

1 

29.0 

7.8 

17.0 

5.0 

7.8 

2 

30.0 

7.9 

14.6 

5.0 

7.9 

HCO"1 

co2 

Conductivity 

B.O.D.5 

_1no3-n 

Station 

(mg/1) 

(mg/1) 

(micromho) 

mg/1) 

(mg/1 

1 

33.7 

3.5 

114 

0.5 

0.006 

2 

22.5 

3.1 

116 

0.8 

0.008 

POT3 

SOT2 

cr1 

Fe+2 

Hardness 

Station 

(mg/1) 

(mg/1) 

(mg/l) 

(mg/l) 

(mg/l) 

1 

0.04 

22.1 

7.5 

0.20 

58.0 

2 

0.06 

21.1 

7.8 

0.15 

- 

dam  and  610m  from  the  west  shore,  with  a  depth  of  approximately  10m. 
Station  2  was  located  2.5  km  north  of  the  dam  and  100m  from  the  east 
shoreline  in  water  with  an  average  depth  of  7m.  The  populations  of  C. 
sowerbyi  were  widely  distributed  throughout  the  reservoir  but  the  numer¬ 
ical  density  was  considerably  smaller  than  reports  in  the  literature.  For 
example,  Dunham  (1941)  reported  amaximum  population  of  1.8  medu¬ 
sae//  in  McKeever  Pond  near  Columbus,  OH,  compared  with  a  popula¬ 
tion  in  Nacogdoches  Reservoir  of  6  medusae/m3  at  Station  2  and  less  than 
1  medusae/m3  at  Station  1. 

Nacogdoches  Reservoir  has  a  surface  area  of  894  ha  and  a  maximum 
storage  capacity  of  49.6  X  106  m3.  The  drainage  area  covers  231  km2  in  the 
rolling  hills,  pineywoods  portion  of  East  Texas.  The  reservoir  is  a 
recently  constructed  inpoundment  and  only  6  weeks  before  the  medusae 
were  collected  a  large  portion  of  the  basin  had  not  been  flooded  and  was 
still  covered  with  trees  and  shrubs.  Consequently,  at  the  time  of  collec¬ 
tions  most  regions  of  the  reservoir  were  characterized  by  large  amounts  of 
submerged  terrestrial  vegetation.  Smrchek  (1970)  also  reported  large 
quantities  of  submerged  terrestrial  vegetation  at  a  site  in  Burt  Lake,  MI, 
where  C.  sowerbyi  was  collected.  Physico-chemical  data  (Table  1)  at  the 
collecting  sites  were  obtained  from  water  samples  collected  at  the  surface 
during  July  and  August  1979.  The  relatively  low  concentrations  of  nitrate 
nitrogen  and  orthophosphate  indicates  the  reservoir  is  oligo-mesotrophic. 

The  food  of  C.  sowerbyi  has  been  reported  to  consist  of  nematodes, 
cladocerans,  copepods,  insects,  and  annelids  (Hyman,  1940;  Pennak, 
1953).  Dunham  (1941)  reported  Bosmina,  Cyclops,  and  copepod  nauplii 
as  important  sources  of  food  for  the  free-swimming  medusae,  and  all  3 
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TABLE  2 

Zooplankton  Collected  at  Stations  1  and  2  on 
Nacogdoches  Reservoir  During  July  and  August  1979 


Rotifera 

Insecta 

Cladocera 

Asplanchna 

Chaoborus  (larvae) 

Bosmina  longirostris 

Conochiloides 

Coelenterata 

Daphnia  parvula 

Filinia 

Craspedacusta  sower  by  i 

Holopedium  amazonicum 

Keratella 

Sida  crystallina 

Monostyla 

Copepoda 

Platyias 

Cyclops  bicuspidatus 

Polyarthra 

Diaptomus  sp. 

Synchaeta 

Mesocyclops  edax 

Trichocerca 

Copepodids 

Nauplii 

food  items  were  present  at  both  stations  on  Nacogdoches  Reservoir  where 
collections  were  made  (Table  2).  A  very  diverse  phytoplankton  commun¬ 
ity  was  also  present  at  both  sites  (Table  3). 

Water  temperature  conditions  in  Nacogdoches  Reservoirs  on  the  col¬ 
lecting  dates  were  similar  to  temperature  conditions  for  other  medusae 
collections  reported  in  the  literature.  McClary  (1959)  found  the  best  medu¬ 
sae  budding  occurred  between  26  C  and  30  C,  but  no  budding  took  place 
below  26  C.  Smrchek  (1970)  collected  medusae  in  Burt  Lake,  MI,  at  a 
water  temperature  of  26  C.  Acker  and  Muscat  (1976)  also  suggested  that 
the  optimum  temperature  for  medusae  ranges  between  19  C  and  30  C, 
with  a  minimum  tolerance  of  15  C  and  a  maximum  tolerance  of  30  C. 

The  hardness  and  calcium  values  in  Nacogdoches  Reservoir  are  rela¬ 
tively  high  for  an  East  Texas  reservoir.  Generally,  water  conditions  in  the 
eastern  part  of  the  state  are  slightly  acid  and  soft  with  calcium  concentra- 


TABLE  3 

Phytoplankton  Collected  at  Stations  1  and  2  on 
Nacogdoches  Reservoir  During  July  and  August  1979 


Chlorophyceae 
Ankistrodesmus  convolutus 
Chlorella-Like 
Closterium  incurvum 
Closterium  sp. 

Cosmarium  sp. 

Crucigenia  crucijera 
Gonium  sociale 
Micr aster ias  sp. 

Oocystis  parua 
Staurastrum  leptocladum 
T  etraedron 
quadricuspidatum 


Myxophyceae 
Chroococcus  sp. 
Dactylococcopsis  sp. 
Microcystis  sp. 
Dinophyceae 

Ceratium  hirundinella 
Glenodinium  sp. 
Xanthophyceae 

Arachnochloris  minor 
Chrysophyceae 
Dinobryon  sp. 


Bacillariophyceae 
Anomoeoneis  serians 
Coscinodiscus  lacustris 
Cyclotella  stelligera 
Melosira  granulata 
Navicula  accomoda 
Navicula  sp. 

Nitzschia  palea 
Synedra  rumpens 
Synedra  ulna 
Tabellaria  fenestra 
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tions  often  less  than  5  mg/1.  It  might  be  noted  that  the  total  hardness 
reached  a  maximum  of  100  mg/1  and  calcium  values  reached  a  high  of  50 
mg/1  approximately  6  mo.  prior  to  medusae  collections.  The  higher  cal¬ 
cium  and  hardness  levels  here  are  due  to  the  exposed  Weches  Formation, 
which  comprises  most  of  the  reservoir  basin.  That  formation  is  locally 
very  fossiliferous,  containing  an  abundance  of  pelecypod  and  gastropod 
fossils,  but  more  importantly,  it  also  contains  a  large  deposit  of  gypsum. 
The  authors  suggest  the  higher  calcium  and  hardness  values  may  account 
for  the  appearance  of  the  medusae  in  this  East  Texas  reservoir.  Smrchek 
(1970)  reported  finding  medusae  in  water  with  a  hardness  of  171  mg/1;  a 
total  alkalinity  of  222  mg/1;  and  a  pH  of  8.1.  In  addition,  Deacon  and 
Haskell  (1967)  collected  medusae  in  Lake  Mead,  NV,  in  hard  water,  and 
Odum  (1957)  found  the  polyps  in  Silver  Springs,  FL,  where  the  water  had 
a  hardness  of  200  mg/1,  a  calcium  concentration  of  72  mg/1,  and  a  total 
alkalinity  of  195  mg/1.  The  2  reported  collections  in  Texas  are  in  the 
central  portion  of  the  state  where  hard  water  conditions  are  common 
because  of  the  abundance  of  exposed  Cretaceous  rock  formations  there. 
Acker  and  Muscat  (1976)  mention  that  C.  sowerbyi  is  predominately 
found  in  naturally  alkaline  environments,  and  has  never  been  reported  in 
bogs,  so  it  probably  cannot  tolerate  acid  conditions.  Calcium  and  total 
hardness  values  are  usually  low  in  acid  water.  Pennak  (1956)  reports 
medusae  have  often  been  found  in  small  bodies  of  water  with  an  exposed 
mineral  bed,  and  that  medusae  occurrence  is  common  in  limestone  quar¬ 
ries,  gravel  pits,  and  cement  basins.  One  would  expect  each  of  those 
aquatic  environments  to  have  high  calcium  concentrations. 
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ABSTRACT 

To  determine  successiopal  trendsdollowing  partial  clearcutting  in  eastern  Texas,  perman¬ 
ent  plots  were  established  in  a  clearcut  with  scattered  large  trees  and  an  adjacent  non-treated 
forest.  Frequency  and  density  data  indicated  an  initial  flush  of  herbaceous  species  and  plants 
in  the  clearcut.  Of  the  116  species  recorded  in  the  clearcut,  74%  were  perennials.  Density 
declined  somewhat  in  the  clearcut  by  the  third  year  but  the  number  of  species  increased  to 
132.  Seventy-one  percent  of  these  third-year  species  and  87%  of  the  plants  recorded  were 
perennials.  Clearcut  area  woody  vegetation  was  first  dominated  by  shrub  and  vine  species. 
Tree  representation  remained  relatively  constant  during  the  3  yr  whereas  shrubs  showed  a 
noticeable  increase  and  vines  a  conspicuous  decrease. 


INTRODUCTION 

Serai  development  in  east  Texas  following  various  timber  management 
programs  has  not  been  well  documented.  Early  descriptions  of  plant  suc¬ 
cession  by  Bray  (1906),  Tharp  (1925)  and  others  were  qualitative  and 
general  but,  although  valuable,  are  not  sufficient  for  present-day  man¬ 
agement.  Related  work  by  Schuster  (1967)  involving  measurement  and 
comparison  of  plant  communities  which  followed  various  timber  harvest¬ 
ing  practices  is  helpful;  but  studies  such  as  those  by  Stransky,  et  al.  (1974) 
and  Stransky  (1976)  that  were  involved  directly  with  plant  succession  in 
clearcut  areas  are  more  pertinent.  The  present  study  which  describes  early 
serai  development  on  a  partially  clearcut  site  is  only  one  of  many  that  will 
be  needed  before  it  becomes  possible  to  characterize  vegetational  changes 
that  occur  following  disturbances  of  the  various  habitat  types  of  east 
Texas. 

The  study  area  was  located  within  the  Pineywoods  vegetational  area  of 
Texas  (Gould,  1969).  This  area  is  characterized  by  a  gently  rolling  topo¬ 
graphy  with  elevations  ranging  from  about  65-160  m.  Winters  are  mild 
whereas  summers  are  usually  hot  and  humid.  Annual  precipitation  is 
about  117  cm  with  slight  peaks  during  the  winter  and  spring.  In  1971, 
however,  only  94  cm  were  recorded.  Rainfall  during  1973,  in  contrast, 
totaled  170  cm. 
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More  specifically,  the  study  area  was  located  about  24  km  south  of 
Nacogdoches,  TX,  in  the  Stephen  F.  Austin  Experimental  Forest.  The 
immediate  topography  was  somewhat  variable.  The  northern  portion 
contained  north-,  south-  and  slightly  southeast-facing  slopes  to  12%  while 
the  middle  portion  was  generally  flat.  The  southern  part  gently  sloped  6% 
to  the  southeast. 

Geologically  the  soils  of  the  study  site  are  representatives  of  the  Sparta 
Sand  Formation  and  thus  are  of  Eocene  origin  within  the  Tertiary  Period. 
They  belong  to  the  Attoyac-Bernaldo-Besner  soil  association  which  is 
taxonomically  classed  as  fine-or  course-loamy  siliceous,  thermic  typic  or 
Glossic  Paleudalfs.  Soil  analyses  indicated  that  these  soils  were  loams  or 
sandy  loams  in  texture  with  pH  ranging  from  5. 4-5. 9.  Nutrient  levels  of 
Ca,  K,  Mg  and  P  appeared  sufficient  with  the  exception  of  P  (2  ppm).  It 
should  be  noted  that  although  the  area  was  generally  mesic,  some  soils 
remained  quite  wet  locally. 

METHODS 

In  May  1970,  all  commercial-sized  pine  trees  were  cleared  from  a  strip 
about  464  m  long  and  150  m  wide  (7  ha).  Approximately  296  hardwood 
trees  were  left  standing.  These  trees  were  fairly  evenly  distributed  and  were 
mostly  Liquidambar  styraciflua,  Nyssa  sylvatica,  Quercus  alba,  Q.  fal- 
cata,  Q.  nigra,  and  Q.  stellata.  As  site  preparation  for  pine  planting,  the 
logging  slash,  unmerchantable  trees,  shrubs,  and  some  herbaceous  vegeta¬ 
tion  were  chopped  with  a  Marden  brushcopper  and  burned  in  late 
December  1970.  The  area  was  then  planted  with  Pinus  taeda.  The  under¬ 
story  of  the  adjacent,  uncut  study  area,  was  burned  in  February  1971. 

To  compare  original  vegetation  with  succession  following  a  partial 
clearcut,  plots  were  located  both  in  the  open  area  and  in  the  adjacent 
forest.  Herbaceous  and  woody  plants  were  sampled  in  plots  located  along 
21  randomly  selected  transects  paralleling  the  short  axis  of  the  study  area. 
Each  transect  consisted  of  6  plots,  3  in  the  clearcut  and  3  in  the  woods. 
Plots  were  spaced  10,  30  and  50  m  from  the  forest  edge  in  both  directions. 

Herbaceous  plants  were  identified  and  counted  in  1  m2  plots  at  approx¬ 
imate  monthly  intervals  from  March  through  October  in  1971  and  1973. 
Woody  plants  were  identified  and  counted  in  2  x  2  m  plots  during  July 
and  August  of  these  same  years.  Frequency,  density  and  importance  value 
data  were  calculated  for  herbaceous  and  woody  species.  Importance  value, 
as  used  in  this  study,  is  equal  to  the  sum  of  relative  frequency  and  relative 
density. 

For  community  comparison,  a  community  similarity  coefficient  was 
calculated  (Cox,  1980).  The  formula  used  was  C  =  2w/a+b,  where  a  and  b 
were  the  sum  of  all  importance  values  for  each  of  the  2  communities 
respectively,  and  W  was  the  sum  of  the  lesser  importance  values  for  those 
species  common  to  the  2  communities.  The  value  obtained  varies  from  0 
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TABLE  1 

Importance  Value1  Data  for  the  Dominant  Herbaceous  Species  in  Each  of  Three 
Study  Areas  (Adjacent  Forest,  First-year 
Clearcut  and  Third-year  Clearcut). 


Species 

Adjacent 

forest 

First-year 

clearcut 

Third-year 

clearcut 

Scleria  oligantha 

21.7 

Helianthus  hirsutus 

7.7 

Viola  septemloba 

7.5 

Diodia  teres 

7.3 

Nothoscordum  bivalve 

4.2 

9.2 

Chasmanthium  sessiliflorum 

57.3 

10.4 

12.9 

Oxalis  violacea 

32.5 

18.2 

19.2 

Galactia  volubilis 

8.4 

5.9 

Panicum  latifolium 

10.8 

Conyza  canadensis 

8.7 

Eleocharis  tenuis 

7.5 

Gnaphalium  purpureum 

16.2 

17.4 

Oxalis  dillenii 

10.5 

11.0 

Panicum  laxiflorum 

9.6 

Andropogon  virginicus 

10.8 

Panicum  lanuginosum 

6.4 

1  Importance  value  is  the  sum  of  relative  frequency  and  relative  density. 


for  communities  having  no  species  in  common,  to  1.0  for  communities 
having  identical  species  with  identical  quantitative  values.  Scientific 
nomenclature  followed  Correll  and  Johnston  (1970). 

RESULTS 
Herbaceous  species 

The  untreated  forested  area  contained  a  rather  sparse  assemblage  of 
herbaceous  species.  Throughout  the  1971  growing  season,  there  was  an 
average  of  22  plants/plot  representing  52  species.  As  might  be  expected,  47 
(90%)  of  these  species  were  perennials.  In  addition,  95%  of  the  1404 
recorded  plants  were  representatives  of  these  perennial  species.  Dominant 
herbaceous  species  were  Chasmanthium  sessiliflorum,  Oxalis  violacea 
and  Scleria  oligantha  (Table  1). 

There  were  116  herbaceous  species  in  the  partially  clearcut  area  in  1971 
and  an  average  of  79  plants/plot.  Compared  to  the  forest,  the  clearcut  area 
had  over  twice  as  many  species  and  more  than  31/  times  as  many  plants/ 
plot.  Although  most  of  the  species  recorded  in  the  forest  were  also  present 
in  the  first-year  clearcut,  the  community  similarity  coefficient  was  only 
0.37.  The  1 16  species  in  the  clearcut  area  included  86  (74%)  perennials,  and 
of  the  4972  plants  recorded  in  plots,  4181  (84%)  were  perennials.  The  top  5 
dominant  species  were  O.  violacea,  Gnaphalium  purpureum,  Panicum 
latifolium,  O.  dillenii  and  C.  sessiliflorum  respectively  (Table  1). 
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Density  declined  somewhat  by  the  third  year  after  harvesting,  when 
there  was  an  average  of  71  plants/plot.  The  number  of  species,  however, 
increased  to  132.  There  were  94  (71%)  perennial  species.  A  total  of  4456 
plants  was  counted  in  plots  with  3885  (87%)  perennials  and  571  (13%) 
annuals.  O.  violacea,  G.  purpureum,  C.  sessiliflorum,  O.  dillenii  and 
Andropogon  virginicus  were  dominants  (Table  1).  The  third-year  clearcut 
area  community  exhibited  essentially  the  same  degree  of  similarity  to  the 
adjacent  forest  (0.33)  as  did  the  first-year  community.  As  might  be 
expected,  the  first-and  third-year  communities  were  quite  similar  (0.57). 

Further  comparison  of  the  forested  area  and  the  first-  and  third-year 
clearcut  areas  indicated  that  9  perennial  herbaceous  species  were  recorded 
only  in  the  woods.  Eight  of  these  were  grasses  or  sedges.  On  the  other 
hand,  73  species  recorded  in  the  first-year  clearcut  area  were  not  recorded 
in  the  adjacent  forest.  Of  these  73  species,  48  (66%)  were  perennials  and  25 
(34%)  were  annuals.  There  were  25  composite  species,  16  grass  species,  and 
1 1  legume  species.  The  forested  and  first-year  clearcut  areas  had  43  species 
in  common.  The  forested  area,  therefore,  had  83%  of  its  species  in  com¬ 
mon  with  the  first-year  clearcut  area,  whereas  the  first-year  clearcut  area 
had  only  37%  of  its  species  in  common  with  the  forested  area.  The  most 
abundant  of  the  newly  recorded  species  in  the  first-year  clearcut  area  were 
G.  purpureum,  Conyza  canadensis,  G.  falcatum,  Hedyotis  crassifolia, 
Centunculus  minimus,  and  Juncus  interior. 

A  comparison  between  the  first-  and  third-year  clearcut  areas  indicated 
75  species  in  common.  This  amounted  to  65%  of  the  1 16  first-year  species 
and  57%  of  the  132  third-year  species.  Forty  species  present  in  the  first-year 
clearcut  area  were  not  recorded  the  third  year.  Of  these,  73%  were  peren¬ 
nials,  but  no  species  was  prevalent.  Fifty-six  new  species  were  recorded 
during  the  third  year  that  had  not  been  present  the  first  year.  The  most 
abundant  of  these  56  new  species  wereP.  lanuginosum  and  P.  polyanthes. 
Thirty-eight  (68%)  were  perennials. 

Woody  species 

There  were  64  species  and  2281  plants  of  trees,  shrubs,  and  woody  vines 
in  the  forested  area  in  1971.  Of  these  64  species,  27  (47%)  were  trees,  16 
(27%)  were  shrubs,  and  15  (26%)  were  vines.  Of  the  total  of  2281  woody 
plants,  727  (32%)  were  trees,  358  (16%)  were  shrubs,  and  1196  (52%)  were 
vines.  The  dominant  species  were  Rhus  toxicodendron,  P.  taeda,  and 
Gelsemium  sempervirens  (Table  2).  With  basal  area  included,  the  com¬ 
munity  was  dominated  by  Q.  falcata,  P.  taeda,  and  P.  echinata. 

In  1971  the  clearcut  area  contained  a  total  of  50  woody  species.  Of  these 
50  species,  23  (46%)  were  trees,  13  (26%)  were  shrubs  and  14  (28%)  were 
vines.  A  total  of  2107  plants  was  recorded,  including  697  (33%)  trees,  739 
(35%)  shrubs,  and  67 1  (32%)  vines.  The  dominant  species  were  P.  taeda,  R. 
toxicodendron,  Rhus  copallina,  and  Rubus  spp.  (Table  2).  The  commun¬ 
ity  similarity  coefficient  between  the  forest  and  clearcut  area  was  0.60. 
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TABLE  2 

Importance  Value1  Data  for  the  Dominant  Woody  Plant  Species  in 
Each  of  Three  Study  Areas. 


Species 

Adjacent 

forest 

First-year 

clearcut 

Third-year 

clearcut 

Quercus  falcata 

9.2 

7.3 

6.9 

Pinus  taeda 

18.0 

23.8 

20.4 

Rhus  toxicodendron 

31.9 

23.2 

20.6 

Gelsemium  semperu irens 

13.8 

Vitis  rotundifolia 

9.6 

Callicarpa  americana 

9.3 

11.4 

7.8 

Viburnum  rufidulum 

8.0 

7.7 

7.1 

Smilax  rotundifolia 

8.1 

Ulmus  alata 

7.8 

8.4 

8.0 

Rubus  spp. 

7.5 

15.8 

24.1 

Rhus  copallina 

19.4 

14.0 

Ascyrum  hypericoides 

8.9 

Liquidambar  styraciflua 

5.6 

Vaccinium  arboreum 

8.5 

Quercus  stellata 

5.9 

'Importance  value  is  equal  to  the  sum  of  relative  frequency  and  relative  density. 


When  tallied  2  years  later  in  1973,  the  dominant  woody  species  in  the 
clearcut  area  were  P.  taeda,  R.  copallina,  Rubus  spp.,  and  R.  toxicoden¬ 
dron  (Table  2).  Many  of  the  P.  taeda  plants  were  natural  invaders  of  the 
open  area.  A  total  of  2184  plants  was  recorded  with  33%  trees,  38%  shrubs, 
and  29%  vines.  These  plants  were  representatives  of  58  species  (43%  tress, 
26%  shrubs,  and  31%  vines).  Fourteen  new  species  were  recorded.  Of  these, 
6  (43%)  were  trees,  4  (29%)  were  shrubs  and  4  (29%)  were  vines.  Only  2  of 
these  14  new  species  occurred  in  6  or  more  plots  and  had  12  or  more  plants 
recorded.  These  were  Baccharis  halimifolia  and  Vaccinium  stamineum. 
Woody  species  in  the  open  area  in  1971  and  1973  were  very  similar,  as 
indicated  by  a  community  similarity  coefficient  of  0.69.  Interestingly,  the 
1971  and  1973  open  area  communities  exhibited  the  same  degree  of  sim¬ 
ilarity  to  the  adjacent  forest  (0.60). 

There  were  50  woody  species  in  the  clearcut  area  the  first  year  following 
harvest,  compared  to  64  in  the  adjacent  forest.  The  number  of  species 
increased  to  58  in  the  clearcut  area  by  the  end  of  the  third  year.  During  this 
3-yr  period,  there  was  a  slight  decline  (47-43%)  in  the  number  of  tree 
species  present,  and  a  slight  increase  (26-31%)  in  the  number  of  vine  spe¬ 
cies.  However,  a  different  situation  existed  in  terms  of  actual  numbers  of 
plants  recorded.  A  total  of  2281  woody  plants  was  recorded  in  the  forest, 
2107  in  the  first-year  clearcut  and  2184  in  the  third-year  clearcut.  Tree 
representation  remained  rather  constant  during  the  3  yr  (32-33%)  whereas 
a  noticeable  increase  in  shrub  (16-38%)  and  a  decrease  in  vine  (52-29%) 
representation  was  observed. 
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DISCUSSION 
Herbaceous  plants 

Whenever  plant  succession  is  initiated  on  bare  areas  such  as  abandoned 
fields  or  gravel  pits,  the  initial  serai  stages  generally  contain  more  annual 
plants  than  perennials  (McQuilkin,  1940;  Nixon,  1975).  Although  clear- 
cutting  creates  some  bare  areas,  many  herbaceous  plants  remain 
unharmed.  In  addition,  most  of  these  plants  are  perennials.  Our  study 
bears  this  out  in  that  90%  of  the  species  in  the  forested  area  were  perennials 
and  the  first-  and  third-year  clearcut  areas  contained  74%  and  71%  peren¬ 
nial  species  respectively.  Of  interest  also  was  the  occurrence  of  more  per¬ 
ennial  plants  in  the  clearcut  areas  (84%  and  87%,  respectively). 

Clearcutting,  as  shown  in  our  study,  resulted  in  a  vast  increase  in  her¬ 
baceous  species  and  numbers  of  plants.  The  first-year  clearcut  plots  had 
1 16  species  and  4972  plants  compared  to  52  species  and  1404  plants  in  the 
forested  area.  Increased  herbage  production  caused  by  a  decrease  in  crown 
cover  or  stand  density  also  has  been  documented  by  Rhodes  (1952),  Mar¬ 
tin,  et  al.  (1955)  and  Ehrenreich  and  Crosby  (1960).  Although  the  number 
of  species  increased  to  132  the  third  year  after  treatment,  the  number  of 
plants  declined  slightly  to  4456.  It  is  not  uncommon  to  observe  a  reduc¬ 
tion  in  numbers  of  species  and  plants  after  3-5  yr  of  succession  (Quarter- 
man,  1957;  Nixon,  1975).  Following  timber  harvest  in  an  all-aged  stand, 
undergrowth  (herb  and  shrub  layers)  production  peaked  2  yr  after  logging 
ceased  and  then  progressively  declined  because  of  competition  from  the 
tree  stratum  (Blair  and  Brunett,  1976). 

Dominant  species  in  the  forested  area  which  had  been  selectively  logged 
in  the  past  were  C.  sessiliflorum,  O.  violacea,  and  S.  oligantha.  These 
species  are  common  understory  representatives  in  east  Texas  forests  in 
varying  stages  of  recovery  (Schuster,  1967;  Sullivan  and  Nixon,  1971;  Blair 
and  Brunett,  1976).  C.  sessiliflorum  and  O.  violacea  were  also  among  the 
top  dominants  in  the  first-and  third-year  clearcut  areas,  but  their  impor¬ 
tance  decreased  significantly.  C.  sessiliflorum  is  a  sciophyte  and  would  be 
expected  to  decrease  in  abundance  in  open  areas.  O.  violacea,  which  did 
not  decrease  in  importance  as  drastically  as  C.  sessiliflorum,  is  commonly 
found  in  open  woods  and  would  therefore  be  better  adapted  to  selective 
pressures  of  the  clearcut  environment  (Correll  and  Johnston,  1970).  Also 
among  the  more  dominant  species  of  the  first-year  clearcut  were  G.  pur- 
pur  eum,  O.  dillenii,  andP.  latifolium.  G.  purpureum  and  O.  dillenii  are 
“weedy”  open  area  species  in  east  Texas.  O.  dillenii  was  common  in 
gravel  pits  of  various  ages  near  Dallas,  TX  (Nixon,  1975).  P.  latifolium  is 
infrequent  in  sandy  woods  (Correll  and  Johnston,  1970).  Eleocharis 
tenuis,  although  among  the  top  10  dominants  in  the  first-year  clearcut, 
was  locally  abundant  in  a  wet  area.  Its  importance  was  a  result  of  its  high 
density. 
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The  third-year  site  was  dominated  by  O.  violacea,  G.  purpureum,  C. 
sessiliflorum,  O.  dillenii,  A.  virginicus,  and  various  Panicum  grasses. 
Many  studies  have  indicated  increases  in  grasses  during  the  first  few  years 
of  succession  (e.g.,  Nixon,  1975;  Blair  and  Brunett,  1976).  Martin,  et  al. 
(1955)  found  increases  in  Panicum  grasses  and  in  A.  virginicus.  The 
occurrence  of  an  A.  virginicus  stage  is  well  documented  on  many  sites 
throughout  the  southeastern  United  States  (e.g.  Quarterman,  1957; 
Ehrenreich  and  Crosby,  1960;  Bazzaz,  1968).  It  appears  that  our  study  site 
may  be  entering  an  A.  virginicus  stage. 

Woody  plants 

Dominant  overstory  species  in  the  forested  area  were  Q.  falcata,  P. 
taeda,  and  P.  echinata.  R.  toxicodendron  and  G.  sempervirens  were  pre¬ 
valent  understory  species.  These  species  are  common  constituents  of 
present-day  east  Texas  forests  (Schuster,  1967;  Sullivan  and  Nixon,  1971). 
Following  the  partial  clearcut,  changes  in  light  intensity,  growing  space, 
and  exposure  of  seedbed  were  reflected  in  the  composition  of  the  new 
clearcut  stand.  Dominance  switched  to  shrub  layer  species  such  as  R. 
toxicodendron,  R.  copallina,  Rubus  spp.,  and  Callicarpa  americana.  Stu¬ 
dies  generally  indicate  that  understory  species  increase  with  correspond¬ 
ing  decreases  in  overstory  canopy  (Martin,  et  al.,  1950;  Schuster,  1967).  Of 
some  importance  is  the  increase  in  shrubs  and  decrease  in  vines  in  the 
clearcut.  This  is  accounted  for  somewhat  by  the  marked  increase  in  R. 
copallina  and  Rubus  spp.  Bazzaz  (1968)  pointed  out  that  as  vegetation 
becomes  established  on  abandoned  fields,  animal  populations  increase. 
As  a  result,  the  chance  is  greater  that  seeds  which  animals  eat  will  reach 
the  field.  Bazzaz  (1968)  noted  that  Rubus  spp.  and  R.  copallina  seeds  are 
disseminated  by  birds.  Therefore,  these  plant  species  are  early  invaders  of 
open  fields  such  as  our  clearcut  area.  It  appears  that  woody  vines  like  R. 
toxicodendron,  G.  sempervirens,  Vitis  rotundifolia,  and  Smilax  rotundi- 
folia  are  initially  adversely  affected  by  clearcutting.  They  appear  to  do 
better  under  partial  shade.  R.  toxicodendron  and  S.  rotundifolia  con¬ 
tinued  to  decline  through  the  third  year  whereas  G.  sempervirens  and  V. 
rotundifolia  increased  slightly.  Shuster  (1967)  found  G.  sempervirens  to 
be  frequent  in  clearcut  and  selectively  cut  forest. 

There  was  an  apparent  natural  invasion  of  P.  taeda  into  the  clearcut 
area.  This  was  not  the  case  withP.  echinata.  P.  taeda  andP.  echinata  tend 
to  bear  heavy  seed  crops  only  every  2-4  yr,  with  P.  echinata  being  a  less 
regular  and  less  prolific  seed  producer  than  P.  taeda.  Occurrence  of  a  good 
seed  year  coupled  with  a  good  growing  season  is  a  matter  of  chance 
(McQuilkin,  1940). 

Third-year  results  indicated  that/?,  copallina  and  Rubus  spp.  had  con¬ 
tinued  to  increase  in  importance.  Tree  species  such  as  L.  styraciflua,  Q. 
alba,  Q.  falcata  and  Q.  stellata  along  with  the  shrub  Vaccinium  arboreum 
also  became  more  important.  Tree  species  achieved  an  early  dominance  in 
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the  clearcut  as  a  result  of  sprouting.  As  a  rule,  they  usually  appear  later  in 
the  sere.  These  species  should  continue  their  prominance  in  the  commun¬ 
ity  (Schuster,  1967;  Blair  and  Brunett,  1976). 
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ABSTRACT 

The  toxicity  of  oil  from  the  Ixtoc  I  well  in  the  Gulf  of  Campeche  was  determined  using 
eggs  and  larvae  of  red  drum  (Sciaenops  ocellata).  High  mortality  resulted  when  larvae  were 
placed  in  mixtures  of  Ixtoc  I  oil  and  water.  When  eggs  were  placed  in  Ixtoc  I  contaminated 
water  from  the  Port  Aransas  jetties,  over  half  of  the  hatched  larvae  were  deformed  (skeletal 
anomalies). 


INTRODUCTION 

On  June  3,  1979,  Ixtoc  I,  an  oil  well  located  in  the  Bay  of  Campeche, 
Mexico,  blew  out  and  began  spewing  20,000  bbl  of  crude  oil/day  into  the 
Gulf  of  Mexico.  By  23  August,  1979,  oil  from  Ixtoc  I  was  reported  in 
Texas  waters  (Amos,  1980)  and  precipitated  a  need  to  establish  toxicity 
levels  so  that  an  effective  oil  spill  cleanup  effort  could  be  formulated  and 
initiated.  To  determine  the  effect  of  this  oil  on  the  south  Texas  coastal 
ecology,  scientists  at  the  University  of  Texas  Marine  Science  Institute, 
Port  Aransas  Marine  Laboratory,  analyzed  the  crude  oil  for  its  chemical 
characteristics  and  its  toxic  effects  on  selected  south  Texas  species  (Parker, 
1979). 

Eggs  and  larvae  of  red  drum  (Sciaenops  ocellata )  were  chosen  for  acute 
toxicity  study  since  marine  larvae  have  been  shown  to  be  useful  in  estab¬ 
lishing  the  toxicity  of  marine  pollutants  (Rosenthal  and  Alderdice,  1976; 
McKim,  1977;  Johnson,  et  al.,  1977;  Auld  and  Schubel,  1978;  and  John¬ 
son,  et  al.,  1979),  and  this  species  can  be  spawned  in  captivity  using  the 
techniques  described  by  Arnold,  et  al.  (1976).  Laboratory  toxicity  tests 
using  larval  red  drum  would  also  have  special  significance  since  this 
commercially  important  species  is  believed  to  spawn  in  nearshore  waters 
during  the  late  summer  and  early  fall  at  which  time  oil  from  Ixtoc  I  was 
most  concentrated  along  the  Texas  coast. 
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METHODS 

To  establish  toxicity  levels  of  Mexican  crude  oil,  tests  were  performed 
on  red  drum  eggs  and  larvae  using  laboratory  prepared  oil/seawater  mix¬ 
tures,  or  oil  accommodated  water  (OAW).  Ixtoc  I  crude  oil  was  collected 
on  1  August  1979  from  the  Gulf  of  Mexico  at  22°  50' N  and  96°  22' W.  A  SO 
ppm  stock  solution  of  OAW  was  prepared  by  mixing  a  1%  mixture  of  the 
crude  oil  with  filtered  seawater  for  1  hr  on  an  Eberbach  shaker.  The 
concentration  of  oil  was  determined  by  extraction  of  the  oil  component 
with  methalene  chloride.  The  solvent  was  then  evaporated  and  the  total 
weight  of  the  oil  calculated.  Filtered  seawater  (0  ppm  oil)  from  the  spawn¬ 
ing  tanks  was  used  as  the  control  media  in  all  experiments.  Fifty  (50)  18 
hr-old  laboratory  spawned  red  drum  eggs  were  placed  in  preparations  of 
OAW  from  100%  (30  ppm)  to  0%  (0  ppm)  OAW  in  increments  of  10% 
OAW.  The  time  of  50%  hatch  for  redfish  eggs  under  the  conditions  of  the 
experiment  (32  %0  salinity  and  26C  water  temperature)  is  19  hr.  After  24 
hr  the  number  of  live  larvae  were  counted.  Larvae  (normal  or  deformed) 
were  considered  living  if  they  responded  to  a  mechanical  stimulus.  This 
experiment  was  repeated  with  eggs  from  a  different  spawn. 

In  additional  experiments  beach  water  containing  30  ppm  hydrocarbon 
of  Ixtoc  I  oil  was  collected  from  the  jetties  at  Port  Aransas  on  26  August 
1979  and  water  containing  less  than  5  ppm  hydrocarbons  was  collected 
from  the  same  location  on  12  September  1979.  Triplicate  sets  of  25  red 
drum  eggs  were  placed  in  seawater  collected  on  these  2  days.  The  experi¬ 
ments  were  repeated  the  day  after(  27  August  and  13  September)  using 
water  collected  from  the  previous  day.  After  24  hr  the  total  number  of  live 
(normal),  dead,  live  deformed  (skeletal  anomalies)  larvae  and  eggs  were 
counted. 


RESULTS  AND  DISCUSSION 

Results  from  the  OAW  treatments  are  illustrated  in  Fig.  1.  In  the  first 
set  of  OAW  treatments  the  experiment  was  not  replicated.  Mortality 
ranged  from  38%  (0%  OAW)  to  90%  (90  and  100%  OAW).  The  average 
mortality  (of  2  replicates)  from  the  second  set  of  OAW  treatments  ranged 
from  34.4%  (0%  OAW)  to  79.4%  (70%  OAW).  Average  mortality  decreased 
to  48.9%  and  56.0%  in  90%  and  100%  OAW  respectively  in  the  second  set  of 
OAW  treatments.  The  95%  confidence  intervals  for  all  OAW  treatments  in 
the  second  set  were  relatively  low  except  for  40%  and  50%  OAW.  A  signifi¬ 
cant  increase  in  mortality  in  concentrations  greater  than  50%  OAW  was 
indicated  by  the  lack  of  overlap  between  the  confidence  intervals  of  60  to 
100%  of  OAW  and  those  of  0  to  10%  OAW.  The  24  hr  TL50  (A.P.H.A., 
1971)  was  17%  OAW  (Fig.  1). 

In  the  second  set  of  treatments  many  live  larvae  were  deformed  in  the 
control  and  10%  OAW  treatments  and  all  live  larvae  were  deformed  in 
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Figure  1.  Percent  mortality  of  Sciaenops  ocellata  with  increasing  concentration  of  Ixtoc  I 
oil  accommodated  water  (OAW).  Closed  circles  are  results  from  the  first  spawn 
(no  replicates).  Open  circles  are  the  mean  of  2  replicates  from  the  second  spawn 
with  bars  for  the  95%  confidence  intervals.  The  arrow  signifies  the  24  hr  TL50 
(A.P.H.A.,  1971)  calculated  from  both  spawns. 


concentrations  of  OAW  greater  than  10%.  Deformed  fish  usually  exhibited 
abnormal  development  of  the  spine  which  produced  a  dorsal  or  lateral 
flexure,  and  in  some  cases  these  fish  also  had  an  enlarged  yolk  sac.  Sin- 
dermann  (1979)  found  that  deformity  may  be  caused  by  variation  in 
temperature,  salinity,  dissolved  oxygen,  radiation,  dietary  deficiencies, 
and  toxic  chemicals. 

High  mortality  and  deformity  in  control  treatments  indicated  that  fac¬ 
tors  other  than  those  being  tested  were  interfering  with  results  in  OAW 
experiments.  An  increase  in  mortality  with  increasing  concentrations  of 
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Figure  2.  Percent  live,  live  deformed  and  dead  larvae  and  eggs  of  Sciaenops  ocellata  exposed 
to  water  collected  on  the  beach  at  the  Port  Aransas  jetties  on  26  August  1979. 


oil,  the  number  of  deformed  larvae  and  a  low  24  hr  TL50  indicate  that 
relatively  low  concentrations  of  Ixtoc  oil  present  in  Texas  waters  could 
have  affected  the  health  of  the  natural  population  of  redfish  larvae. 

The  experiments  using  beach  water  (Fig.  2  and  3)  indicated  that  at  least 
a  large  portion  of  the  deformities  observed  in  OAW  tests  were  caused  by 
the  oil.  In  the  beach  water  control  treatments,  the  average  percent  of 
normal  larvae  was  high  (80.4%,  August;  76.0%,  September)  and  the  average 
percent  of  deformed  larvae  was  low  (13.4%,  August;  15.2%,  September).  In 
treatments  using  beach  water  collected  in  August,  the  average  percent  of 
normal  larvae  decreased  (19.4%,  26  August;  32.6%,  27  August)  and  the 
average  percent  of  deformed  larvae  increased  (76.0%,  26  August;  67.4%,  27 
August).  After  48  hr  100%  mortality  was  observed  in  all  deformed  larvae 
from  the  August  beach  water  experiment.  In  the  September  beach  water 
treatment  (lower  hydrocarbon  concentrations),  there  were  fewer  deformed 
larvae  compared  to  August  beach  water  treatments.  High  percentages  of 
normal  larvae  from  both  the  August  and  September  controls  and  the 
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Figure  3.  Percent  live,  live  deformed  and  dead  larvae  and  eggs  of  Sciaenops  ocellata  exposed 
to  water  collected  on  the  beach  at  the  Port  Aransas  jetties  on  12  September  1979. 


September  beach  water  treatments  suggested  that  the  high  percentage  of 
deformed  larvae  in  the  August  beach  water  treatments  was  a  result  of  high 
concentrations  of  crude  oil  in  water  collected  on  26  August. 

Large  numbers  of  dead  and  deformed  larvae  in  OAW  treatments  and 
beach  water  experiments  indicated  that  oil  present  in  the  environment 
during  the  time  when  oil  from  Ixtoc  I  was  most  abundant  on  the  south 
Texas  coast  could  have  affected  wild  populations  of  red  drum.  Erratic 
results  from  OAW  tests,  however,  pointed  out  that  toxicity  tests  using 
larval  fish  may  not  be  successful  in  evaluating  the  effects  of  toxic  substan¬ 
ces  if  proper  precautions  are  not  taken  to  establish  the  effects  of  all  possi¬ 
ble  extraneous  factors  such  as  temperature,  salinity,  and  dissolved  oxygen. 
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BRAIN  VOLUME  AND  CELL  DENSITY  IN  TWO  KANGAROO 
RATS,  DIPODOMYS  MERRIA MI  AND  D.  ORDI1 


by  MICHAEL  K.  RYLANDER 
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The  Museum 
Texas  Tech  University 
Lubbock,  TX  79409 

Inferences  about  vertebrate  brain  function  that  are  based  on  brain 
volume  measurements  ordinarily  do  not  take  into  account  cell  density 
(Stephan  and  Pirlot,  1970;  Stephan,  et  al.,  1970;  Jerison,  1973).  Since  cell 
density  is  used  to  estimate  the  total  number  of  cells  in  a  brain  part,  an 
important  determinant  of  brain  function,  brain  volume  data  that  are  not 
corrected  for  cell  density  may  be  misleading. 

The  present  study  was  undertaken  to  determine  the  relationship 
between  brain  volume  and  cell  density  in  2  kangaroo  rats,  Dipodomys 
merriami  andD.  ordii.  This  genus  was  chosen  because  it  has  been  used  in 
a  number  of  behavioral  studies  (Day,  et  al.,  1956;  Chew,  1958;  Reynolds, 
1960;  McCullough  and  Inglis,  1961;  Eisenberg,  1963;  and  Christopher, 
1973),  as  well  as  in  laboratory  experiments  (Stillman,  1971,  1972).  The 
hippocampal  formation  was  selected  because  of  its  important  role  in 
memory  and  learning  (Isaacson  and  Pribram,  1975). 

The  brains  from  4  specimens,  a  male  and  female  each  of  D.  merriami 
andD.  ordii,  were  fixed  in  10%  formalin,  sectioned  at  32^,  and  every  sixth 
section  was  kept  and  stained  with  cresyl  violet.  This  material  was  used  in 
a  previous  study  (Dressier,  1979).  Volumes  were  calculated  for  the  hippo¬ 
campal  formation  (see  Isaacson  and  Pribram,  1975)  and  for  a  part  of  the 
brain  here  designated  as  the  “anterior  brain”  (all  of  the  brain  anterior  to 
the  most  rostral  cells  of  the  ventral  cochlear  nucleus,  a  structure  easily 
identified  on  all  specimens). 

Cell  densities  were  calculated  from  counts  of  cell  nuclei  longer  than  lO^t 
that  lay  within  ocular  grids  0.24  mm2  superimposed  on  the  following 
parts  of  each  specimen:  9  grids  in  the  polus  frontalis;  9  in  the  caudate 
nucleus  at  the  level  of  the  genu  of  the  corpus  callosum;  10  in  the  hippo¬ 
campal  formation  (5  in  the  hilus  of  the  dentate  gyrus  and  5  in  the  subicu- 
lum);  10  in  the  neocortex;  and  9  in  the  superior  colliculus,  at  the  rostral 
end  of  the  hippocampal  formation.  Sample  areas  were  matched  as  closely 
as  possible  among  the  4  specimens,  and  all  cell  counts  were  made  at  200X 
magnification. 
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TABLE  1 

Comparison  of  Volumes  (mm3)  of  Hippocampal  Formation  (HF)  and  Anterior  Brain  (AB) 


Species 

Specimen 

HF 

AB 

AB/HF 

AB/HF1 

(Corrected) 

1  (male) 

350.6 

825.3 

2.38 

3.85 

D.  merriami 

2  (female) 

417.1 

909.7 

2.17 

3.23 

3  (male) 

319.9 

956.2 

3.03 

4.16 

D.  ordii 

4  (female) 

384.9 

1159.0 

3.03 

3.13 

'Corrected  AB/HF  =  (AB/HF)  X  (cell  density  of  AB/cell  density  of  HF).  Cell  densities 
obtained  by  dividing  total  number  of  brain  cells  counted  in  a  brain  part  (HF  or  AB)  by  the 
volume  of  that  part. 


The  results  (Table  1)  show  that  the  hippocampal  formation  is  approx¬ 
imately  the  same  size  in  both  species,  but  that  the  anterior  brain  is  larger 
in  D.  ordii  than  in  D.  merriami .  This  relationship  is  shown  more  pre¬ 
cisely  by  the  ratio  of  anterior  brain  to  hippocampal  formation  (AB/HF), 
which  takes  into  account  individual  size  differences.  Since  D.  ordii  is 
larger  than  D.  merriami  (Burt  and  Grossenheider,  1976),  the  anterior 
brain  (which  is  more  superficial  than  the  hippocampal  formation)  may 
have  expanded  during  evolution  to  fill  D.  ordii  s  larger  cranial  cavity. 
This  suggestion  is  based  on  the  reasonable  assumption  that  the  cranium 
responded  to  the  same  selection  pressures  that  determined  total  body  size, 
an  evolutionary  mechanism  that  is  possible  even  though  during  embry¬ 
onic  development  the  growth  of  the  brain  probably  determines  the  size  of 
the  dermal  bones  that  surround  it. 

Since  there  is  no  functional  basis  for  assuming  that  D.  ordii  requires 
more  brain  cells  than  D.  merriami,  it  is  possible  that  its  anterior  brain 
expanded  by  increasing  cell  size,  intercellular  material,  or  both.  If  this 
happened,  the  cells  in  its  anterior  brain  would  be  relatively  less  dense  than 
in  D.  merriami,  and  in  this  respect  corrected  AB/HF  values  based  on 
volumes  having  the  same  density  would  be  of  interest.  When  AB/HF  is 
thus  recalculated  using  cell  densities  (Table  ),  it  can  be  seen  that  the 
values  do  not  differ  significantly  between  the  2  species.  The  conclusion  is 
that  the  original  AB/HF  values  are  misleading  in  terms  of  cerebral  func¬ 
tion  (based  on  cell  number,  as  estimated  from  cell  density);  and  support  is 
given  to  the  suggestion  that  the  anterior  brain  expanded  to  fill  a  larger 
cranial  cavity  in  D.  ordii  (or,  conversely,  that  it  diminished  in  size  in  D. 
merriami). 
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ABSTRACT 

The  antimicrobial  activities  of  the  6-  and  7-chloro  analogs  of  3-amino-3,  4-dihydro-l- 
hydroxycarbostyril  were  evaluated  in  7  selected  clinical  isolates  (Group  A  Streptococcus 
3829,  Staphylococcus  aureus  3489,  Staphylococcus  epidermidis  3447,  Proteus  mirabilis  3539, 
Providencia  stuartii  127,  Citrobacter  freundii  208,  Enterobacter  cloacae  340)  and  2  corres¬ 
ponding  ATCC  strains  ( Staphylococcus  aureus  25923  and  Enterobacter  cloacae  23355)  in 
comparison  with  those  of  chloramphenicol  and  gentamicin.  For  the  gram-negative  bacteria, 
the  MICs  of  the  7-chloro  analog  were  lower  than  those  of  chloramphenicol  and  gentamicin 
with  the  single  exception  of  the  latter  antibiotic  in  P.  stuartii.  Both  of  the  antibiotics  were 
much  more  effective  than  the  7-chloro  analog  as  antimicrobial  agents  against  the  gram¬ 
positive  bacteria  based  on  comparative  MIC  values.  The  ATCC  strains  were  more  suscepti¬ 
ble  to  the  7-chloro  compound  than  the  corresponding  clinical  isolates.  Using  the  clinical 
isolate  of  E.  cloacae  as  the  test  organism,  the  7-chloro  analog  showed  a  pronounced  synergis¬ 
tic  effect  in  combination  with  gentamicin,  whereas  it  showed  only  an  additive  inhibitory 
effect  when  combined  with  chloramphenicol. 

INTRODUCTION 

In  a  recent  report  these  authors  demonstrated  the  antimicrobial  activi¬ 
ties  of  the  6-  and  7-chloro  analogs  of  3-amino-3,  4-dihydro- 1- 
hydroxycarbostyril  (ADHC)  compared  to  those  of  chloramphenicol  and 
kanamycin  against  a  variety  of  gram-positive  and  gram-negative  bacteria, 
as  well  as  the  yeast  Candida  albicans  (Davis,  et  al.,  1978).  Hubbard  and 
coworkers  (Hubbard,  et  al,  1978)  reported  the  in  vitro  and  in  vivo  fungis¬ 
tatic  activity  of  the  7-chloro  ADHC  against  Cryptococcus  neoformans. 
The  purpose  of  the  present  paper  is  to  extend  this  work  to  include  a 
comparative  in  vitro  antibacterial  study  of  6-  and  7-chloro  ADHC,  chlo¬ 
ramphenicol  and  gentamicin  against  7  clinical  isolates  together  with  2 
corresponding  standard  ATCC  strains.  In  addition  to  the  evaluation  of 
these  compounds  alone  in  nine  different  organisms,  the  7-chloro  analog 
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was  tested  in  combination  with  chloramphenicol  and  gentamicin  against 
a  clinical  isolate  of  Enterobacter  cloacae. 

EXPERIMENTAL 

Lyophilized  human  isolates  of  Providencia  stuartii  127,  Citrobacter 
freundii  208,  and  Enterobacter  cloacae  340  were  obtained  from  Brooks  Air 
Force  Base  Hospital,  San  Antonio,  TX.  Human  isolates  of  Proteus  mira- 
bilis  3539,  Group  A  Streptococcus  3829,  Staphylococcus  aureus  3489  and 
Staphylococcus  epidermidis  3477  were  provided  by  Texas  Tech  University 
School  of  Medicine,  Lubbock,  TX.  Staphylococcus  aureus  3489  and  Ente¬ 
robacter  cloacae  23355  were  purchased  from  the  American  Type  Culture 
Collection.  These  bacteria  were  chosen  because  they  represent  a  group  of 
opportunistic  pathogens  that  are  increasingly  becoming  a  problem,  espe¬ 
cially  in  nosocomial  infections  (Borobio,  1975,  Washington,  et  al,  1973, 
Wenzel,  et  al.,  1976).  A  previously  described  (Anderson,  1946)  synthetic 
amino  acid  basal  medium  was  modified  for  the  growth  assays  of  the 
gram-negative  bacteria  by  adding  200  /ig/ml  of  calcium  pantothenate, 
omitting  L-histidine,  and  by  increasing  the  phosphate  concentration 
fourfold.  This  modified  medium  was  also  used  for  the  gram-positive 
organisms,  except  that  1  mg  of  L-histidine  was  added  per  liter. 

A  serial  dilution  tube  method  similar  to  that  previously  described 
(Ravel,  et  al.,  1954)  was  used  to  perform  all  growth  assays  in  this  study. 
Serial  dilutions  of  the  test  compounds  were  made  from  1000  /ig/ml  stock 
solutions.  For  the  assays  with  the  gram-positive  bacteria,  the  test  com¬ 
pounds,  L-glutamine,  and  L-histidine  were  aseptically  added  to  pre¬ 
viously  autoclaved  tubes  containing  the  appropriate  amount  of  medium. 
The  final  volume  of  all  assay  tubes  was  5.0  ml.  All  tubes  were  inoculated 
and  incubated  at  37  C  for  a  period  of  18-24  hr.  The  inoculum  was  pre¬ 
pared  by  transferring  the  required  organism  to  a  test  tube  containing  10.0 
ml  of  TSB  and  incubating  at  37C  for  18hr.  One  milliliter  of  this  culture 
was  transferred  to  a  tube  containing  10.0  ml  of  TSB  and  incubated  for  8  hr 
at  37C.  This  culture  was  centrifuged  at  2500  rpm  for  15  min;  the  supernat¬ 
ant  liquid  was  decanted  and  the  cells  were  resuspended  in  10.0  ml  of 
sterile  0.85%  saline.  From  this  solution,  0.1  ml  was  then  added  to  each 
assay  tube  as  the  inoculum.  An  uninoculated  tube  containing  the  com¬ 
plete  medium  and  an  inoculated  tube  containing  all  components  except 
the  test  compounds  were  include  for  each  organism  as  controls.  The 
amount  of  growth  was  determined  by  measuring  the  absorbance  with  a 
Bausch  and  Lomb  Spectronic  20  spectrophotometer  which  had  been  set  to 
zero  with  a  blank  of  uninoculated  medium.  The  minimum  concentration 
of  test  compound  that  caused  complete  inhibition  of  growth  after  the 
18-24  hr  incubation  period  was  recorded  as  the  MIC  (Table  1). 

Whereas  the  7-chloro  ADHC  showed  potent  antibacterial  activity  in  the 
gram-negative  bacteria  with  the  MIC  ranging  from  0.1 -0.6  /ug/ml,  the 
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TABLE  1 

Antimicrobial  Activity  of  3-Amino-3,  4-Dihydro- 1-Hydroxycarbostryil  (ADHC), 
Its  6-  and  7-Chloro  Analogs,  Chloramphenicol  and  Gentamicin. 


Minimum  Inhibitory  Concentrations,  txg/m\ 
7-C1  6-C1  Chloram-  Genta- 


Organism 

ADHC 

ADHC 

pheniol 

micin 

Gram-negative: 

Proteus  mirabilis  3539 

0.3 

0.6 

10.0 

0.6 

Providencia  stuartii  127 

0.6 

3.0 

6.0 

0.3 

Citrobacter  freundii  208 

0.6 

1.0 

6.0 

1.0 

Enterobacter  cloacae  340 

0.3 

0.6 

6.0 

0.6 

Enterobacter  cloacae  23355  ATCC 

0.1 

0.3 

3.0 

0.3 

Gram-positive: 

Group  A  Streptococcus  3829 

100 

200 

3.0 

3.0 

Staphylococcus  epidermidis  3447 

200 

200 

60 

200 

Staphylococcus  aureus  3489 

>200 

>200 

3.0 

3.0 

Staphylococcus  aureus  25923  ATCC 

60 

100 

3.0 

3.0 

6- chloro  ADHC  showed  slightly  less  activity  with  the  MIC  ranging  from 
0. 3-3.0  as  shown  in  Table  1.  The  MICs  for  chloramphenicol  against  the 
gram-negative  bacteria  ranged  from  3.0-10.0  /zg/ ml  while  those  for  gener¬ 
ation  ranged  from  0.3- 1.0  /zg/ ml.  For  the  gram-negative  bacteria,  7-chloro 
ADHC  was  more  effective  than  chloramphenicol  and  gentamicin,  except 
on  Providencie  stuartii. 

As  indicated  in  Table  1,  the  6-  and  7-chloro  ADHC  were  much  less 
effective  than  chloramphenicol  and  gentamicin  as  antimicrobial  agents 
for  the  gram-positive  bacteria  which  required  L-histidine  in  the  medium. 
Moreover,  none  of  the  ADHC  analogs  were  active  against  the  clinical 
isolate  of  S.  aureus  3489  up  to  concentrations  of  200  /zg/ml.  It  was  also 
observed  that  both  ATCC  strains  of  E.  cloacae  and  S.  aureus  were  more 
susceptible  to  the  chlorinated  ADHC  analogs  than  the  corresponding 
clinical  isolates. 

Assays  to  determine  the  antibacterial  activity  of  7-chloro  ADHC  in 
combination  with  chloramphenicol  and  gentamicin  were  performed 
using  a  clinical  isolate  of  E.  cloacae  as  the  test  organisms.  The  MICs  of 

7- chloro  ADHC  and  chloramphenicol  for  this  microorganism  were  0.3 
/zg/ml  and  6.0  /zg/ml,  respectively.  An  isobologram  demonstrating  that 
7-chloro  ADHC  and  chloramphenicol  have  an  additive  effect  on  E.  cloa¬ 
cae  is  shown  in  Fig.  1(a). 

In  contrast  with  the  results  obtained  with  chloramphenicol,  7-chloro 
ADHC  in  combination  with  gentamicin  showed  a  distinct  synergistic 
effect.  As  shown  by  the  isobologram  in  Fig.  1(b),  the  MICs  of  7-chloro 
ADHC  and  gentamicin  alone  were  0.3  [xg/ ml  and  0.6  /zg/ml,  respectively, 
while  combinations  of  0.15  /zg/ml  or  7-chloro  ADHC  with  0.06  /zg/ml  of 
gentamicin;  0.1  /zg/ml  of  7-chloro  ADHC  with  0.15  /zg/ml  of  gentamicin; 
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Figure  1.  Isobolograms  showing  interaction  effects  of  7-chloro  ADHC  plus  antibiotics  on 
the  growth  of  Enterobacter  cloacae  340.  (a)  0  =  no  growth,  A  =  growth;  (b)  0  =  no 
growth;  a - ,  b— ,  diagonal  lines  connecting  MICs  of  compounds  singly. 

0.07  Mg/ml  of  7-chloro  ADHC  with  0.2  ng/m\  of  gentamicin;  and  0.06 
jug/ml  of  7-chloro  ADHC  with  0.3  /zg/ml  of  gentamicin  gave  the  same 
results. 

The  results  show  that  the  cyclic  hydroxamic  acids  inhibit  the  growth  of 
all  the  test  organisms  except  S.  aureus  3489  under  the  specific  assay  condi¬ 
tions.  The  growth  inhibitions  are  bacteriostatic  in  nature,  not  bacterici¬ 
dal,  since  it  was  observed  that  subcultures  of  individual  assay  tubes  grew 
profusely  when  0.1  ml  was  incubated  at  37C  on  Tryptic  Soy  Agar  plates 
for  24  hr.  In  this  study,  the  minimum  bactericidal  concentrations  (MCB) 
was  not  determined.  However,  it  is  apparent  that  the  MCB  would  have  to 
exceed  200  jzg/ml,  since  this  was  the  highest  concentration  of  the  com¬ 
pound  tested. 

The  MICs  of  the  chlorinated  ADHC  analogs,  ranging  from  0.1  to  3.0 
Aig/ml  in  the  gram-negative  bacteria  tested  in  this  study,  compare  favora¬ 
bly  with  the  MICs  presented  for  antibiotics  presently  being  used  against 
similar  organisms  (Barry,  1974).  In  contrast,  the  MICs  of  these  com¬ 
pounds  for  the  gram-positive  cocci  tested  ranged  from  60  to  more  than  200 
Hg/ml.  The  latter  results  are  similar  to  previous  studies  (Davis,  et  al., 
1978)  in  which  the  MICs  of  the  6-  and  7-chloro  analogs  were  found  to  be 
greater  for  gram-positive  microorganisms  than  gram-negative  ones.  More 
than  likely,  this  effect  on  the  gram-positive  bacteria  is  due  to  the  presence 
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of  histidine  in  the  medium  which  has  been  demonstrated  to  reverse  the 
antibacterial  activity  of  7-C1  ADHC  (Davis,  et  ai,  1964). 

This  study  demonstrates  the  effectiveness  of  7-C1  ADHC  as  an  antimi¬ 
crobial  agent,  particularly  against  gram-negative  clinical  isolates,  and 
indicates  the  synergistic  effect  of  another  synthetic  antimicrobial  agent 
with  gentamicin.  Further  studies  of  7-C1  ADHC  and  other  microbial 
agents  with  known  modes  of  action  may  provide  clues  to  the  mechanism 
of  antibacterial  activity  displayed  by  this  type  of  cyclic  hydroxamic  acid. 

ACKNOWLEDGMENTS 

This  work  was  supported  by  the  Research  Council  of  Abilene  Christian 
University,  and  is  gratefully  acknowledged. 

LITERATURE  CITED 

Anderson,  E.H.,  1946 — Growth  requirements  of  virus  resistant  mutants  of  Escherichia  coli 
strain  B.  Proc.  Natl.  Acad.  Sci.,  32:120-128. 

Barry,  A.L.,  1974 — Appendix  I,  p.  441.  In  E.H.  Lennette,  E.H.  Spaulding,  and  J.P.  Truant 
(eds.)  Manual  of  Clinical  Microbiology,  2nd  ed.  American  Society  of  Microbiology, 
Washington,  D.C. 

Borobio,  M.V.,  1975 — Enterobacter  cloacae  bacteremia  in  dialysis  patients.  Rev.  Clin.  Esp., 
1 37(6):5 1 7-520. 

Davis,  A.L.,  O.H.P.  Choun,  D.E.  Cook,  and  T.J.  McCord,  1964 — Synthesis  and  microbio¬ 
logical  properties  of  3-amino-3,  4-dihydro- 1-hydroxycarbostyril.  /.  Med.  Chem.,  7:632- 
634. 

Davis,  A.L.,  K.L.  Hulme,  G.T.  Wilson,  and  T.J.  McCord,  1978 — In  vitro  antimicrobial 
activity  of  some  cyclic  hydroxamic  acids  and  related  lactams.  Antimicrob.  Agents  Che- 
mother.,  13:542-544. 

Hubbard,  J.  C.,  N.  K.  Hall,  and  H.  W.  Larsh,  1978 — In  vitro  and  in  vivo  activity  of  a 
synthetic  halogenated  quinoline  against  Cryptococcus  neoformans.  Antimicro.  Agents 
Chemother.,  14:922-923. 

Ravel,  J.  M.,  L.  Woods,  B.  Felsing,  and  W.  Shive,  1954 — Some  interrelationship  of  aspartic 
acid,  threonine  and  lysine.  /.  Biol.  Chem.,  206:391-400. 

Washington,  J.  A.,  D.  H.  Senjem,  A.  Halderson,  H.  Schutt  and  W.  J.  Martin,  1973 — 
Nosocomially  acquired  bacteremia  due  to  Proteus  rettgeri  and  Providencia  stuartii.  Am. 
J.  Clin.  Pathol.,  600:836-838. 

Wenzel,  R.  P.,  K.  J.  Hunting,  C.  A.  Osterman  and  M.  A.  Sande,  1976 — Providencia  stuartii,  a 
hospital  pathogen:  potential  factors  for  its  emergence  and  transmission.  Am.  J.  Epide¬ 
miol.,  104(2):  170- 180. 


CLASSICAL  LIMIT  OF  QUANTUM  MECHANICS  IN  THE 
LAGRANGIAN  FORMULATION1 

by  DONALD  H.  KOBE 

Department  of  Physics 
North  Texas  State  University 
Denton,  TX  76203 

Reviewed  by:  Kaiser  S.  Kunz,  Dept,  of  Physics,  New  Mexico  State  Univ. ,  LasCruces,NM  88001. 
ABSTRACT 


Feynman’s  integral  equation  for  the  wave  function  for  infinitesimal  time  differences  is 
a  Lagrangian  formulation  of  quantum  mechanics.  The  principle  of  stationary  phase  is  used 
to  obtain  the  asymptotic  form  of  the  integral  as  Planck’s  Constant  goes  to  zero,  which  implies 
the  classical  equations  of  motion. 

INTRODUCTION 

Ever  since  the  advent  of  quantum  mechanics  there  has  been  a  continuing  interest 
in  its  classical  limit.  Although  Ehrenfest’s  Theorem  (Merzbacher,  1970)  and  the  WKB 
Approximation  (Brown,  1972)  give  a  connection  between  quantum  mechanics  and 
classical  mechanics,  the  mathematical  difficulties  (Schipper,  1969)  in  taking  the 
limit  as  h^  0,  on  the  one  hand,  and  the  difficulties  in  the  physical  and  philosophical 
interpretation  (Peres  and  Rosen,  1964;  Rosen,  1964)  on  the  other,  still  remain  a 
challenge.  A  completely  satisfactory  answer  to  the  latter  will  not  be  found  until 
the  quantum  mechanical  theory  of  measurement  is  clarified  (Shimony,  1963; 
Maxwell,  1972).  Since  quantum  mechanics  is  a  linear  theory,  the  principle  of  super¬ 
position  is  valid,  in  contrast  to  classical  mechanics.  However,  every  measurement 
involves  an  interface  between  a  classical  and  a  quantum  system.  The  mathematical 
difficulties  are  based  on  the  difficulties  in  dealing  with  the  implicit  dependence 
of  the  wave  function  on  Planck’s  Constant  (Cohn,  1972;  Kobe,  1974)  and  the 
asymptotic  expansions  that  are  involved. 

Because  of  these  difficulties,  the  discussion  of  the  classical  limit  in  elementary 
quantum  mechanics  courses  tends  to  be  somewhat  vague.  In  this  paper  the  Feynman 
integral  equation  (Feynman  and  Hibbs,  1965)  for  the  wave  function  at  infinitesimal 
time  differences  is  used  as  the  starting  point.  Although  the  classical  limit  has 
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been  discussed  in  the  Feynman  path  integral  formulation  of  quantum  mechanics 
(Feynman,  1948)  many  times  before  (Morette,  1951;  Pechukas,  1969;  McLaughlin, 
1972),  the  simple  discussion  here  does  not  depend  on  a  knowledge  of  functional 
integration  (Gelfand  and  Yaglom,  1960)  because  an  infinitesimal  time  difference 
is  used.  The  integral  equation  for  the  wave  function  shows  how  Planck’s  Constant 
enters  quantum  theory  in  a  much  more  lucid  way  than  the  Schrodinger  Equation 
does.  The  analogy  between  wave  and  geometrical  optics,  on  the  one  hand,  and 
quantum  and  classical  mechanics  on  the  other,  can  be  used  to  make  quantum 
mechanics  more  plausible  (Beard  and  Beard,  1970). 

The  integral  equation  for  the  wave  function,  which  is  a  Lagrangian  formulation 
(Nambu,  1952),  can  be  postulated  as  the  starting  point  for  quantum  mechanics. 
Then  the  Schrodinger  Equation,  which  is  a  Hamiltonian  formulation,  can  be 
derived  from  it  (Feynman  and  Hibbs,  1965).  By  iterating  the  integral  equation 
for  infinitesimal  time  differences,  the  Feynman  path  integral  for  the  propagator 
can  be  obtained  (Feynman  and  Hibbs,  1965).  Thus  the  approach  used  here  can 
also  serve  as  an  introduction  to  functional  integration  and  methods  used  in  more 
advanced  quantum  theory. 

To  obtain  the  classical  limit  of  quantum  mechanics  the  method  of  stationary 
phase  (Copson,  1965)  is  used.  The  asymptotic  expression  for  the  modulus  of  the  wave 
function  squared  is  interpreted  as  the  classical  probability  distribution  function  in 
configuration  space.  Thus  in  the  classical  limit,  a  quantum  mechanical  pure  state 
becomes  in  general  a  mixed  state  in  classical  statistical  mechanics  (Tolman,  1938; 
Kemble,  1958;  Messiah,  1961).  In  the  limit  as  h-*  0,  the  condition  that  only  1 
point  contributes  in  the  integral  equation  for  the  wave  function,  viz.,  the  point 
at  which  the  phase  is  stationary,  is  shown  to  give  the  classical  equation  of  motion. 
The  condition  that  the  classical  probability  density  be  real  is  also  shown  to  imply 
the  classical  equation  of  motion. 

In  the  next  section,  the  Feynman  integral  equation  for  the  wave  function  is 
given  and  discussed.  In  the  third  section  of  this  article  the  classical  limit  is  taken 
and  the  method  of  stationary  phase  is  applied  to  give  an  asymptotic  expression 
for  the  integral.  The  condition  that  the  probability  density  be  real  is  shown  in  the 
fourth  section  to  imply  the  classical  equation  of  motion.  In  the  fifth  section  the 
classical  equation  of  motion  is  shown  to  follow  from  the  condition  of  stationary 
phase  as  well.  Finally,  the  conclusion  discusses  the  advantages  and  disadvantages 
of  our  approach. 

INTEGRAL  EQUATION  FOR  THE  WAVE  FUNCTION 

Instead  of  dealing  with  the  Schrodinger  Equation  directly,  it  is  convenient  in 
taking  the  classical  limit  to  use  an  integral  equation  for  the  wave  function.  The 
integral  equation  is  a  direct  result  of  the  Feynman  path  integral  formulation  of 
quantum  mechanics  (Feynman,  1948),  which  is  equivalent  to  the  Schrodinger 
Equation.  In  fact,  the  integral  equation  for  the  wave  function  can  be  postulated 
and  the  path  integral  for  the  propagator  can  be  derived  from  it. 
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Only  a  single  particle  in  one  dimension  is  considered  here,  but  the  equation 
can  be  generalized  to  deal  with  an  arbitrary  number  of  degrees  of  freedom.  If  e  is 
an  infinitesimal  time  difference,  the  wave  function  T(x,t  +  e)  at  the  point  x  at  the 
time  t  +  e  is  related  to  the  wave  function  T(y,t)  at  all  points  y  at  the  time  t  by 
(Feynman  and  Hibbs,  1965) 

T(x,t  +  e)  =  A-1/dy  exp{ieL[(x  -  y)/e,  (x  +  y)/2,  t  +  e/2]  /h}T(y,t).  (1.1) 

The  exponential  is  i  e/h  times  the  Lagrangian  L  between  the  space-time  point 
(y,t)  and  the  space-time  point  (x,t  +  e).  The  Lagrangian  Lis  the  kinetic  energy 
minus  the  potential  energy  V, 

L[x,x,t]  =  mx2/2  -  V(x,t),  (1 .2) 

where  m  is  the  mass  of  the  particle.  The  Lagrangian  evaluated  for  the  average 
velocity  (x  -  y)/e,  average  coordinate  (x+y)/2,  and  the  average  time  t  +  e/2 
between  the  space-time  points  (y,t)  and  (x,t  +  e)  is 

L[(x  -  y)/e,  (x  +  y)/2,t  +  e/2]  =  m[(x- y)/e]  2/2  -  V((x  +  y)/2 ,  t  +  e/2).  (1 .3) 

The  quantity  A  in  Eq.  (1.1)  is  determined  from  the  requirement  that  as  e->0, 

y(x,t)  =  jTdy  6(x  -  y)  %,t).  (1 .4) 

A  representation  of  the  delta  function  is 

(m/2Tri  he)172  exp{i  m(x  -  y)2/2he}  -»  6(x  -  y)  (1 .5) 

as  e  0,  which  can  be  proven  by  multiplying  by  a  function  f(y),  expanding 
about  the  point  x,  and  integrating  with  respect  to  y.  The  same  limit  is  obtained 
if  h->  0  or  if  m  ->  00  (e  >  0)  which  is  the  basis  of  the  approach  to  the  classical 
limit  used  in  this  paper.  If  Eqs.(l  .1)  through  (1 .5)  are  considered,  the  quantity  A  is 
determined  to  be 


A  1  =  (m/27rihe)1/2 .  (1.6) 

Eq.  (1.1)  is  equivalent  to  the  Schrodinger  Equation  for  infinitesimal  e,  as  can 
be  seen  by  expanding  exp{-ieV  ((x  +  y)/2,  t  +  e/2)/h  },  expanding  T(y,t)  about 
the  point  x,  and  expanding  T(x,  t  +  e)  about  the  time  t.  If  the  coefficients  of 
powers  of  e  on  both  sides  of  the  equation  are  equated,  the  coefficient  of  e°  gives 
merely  T(x,t)  =  T(x,t)  which  serves  to  confirm  that  the  choice  of  A  in  Eq.  (1 .6)  is 
correct.  However,  equating  the  coefficient  of  e  on  both  sides  of  Eq.  (1.1),  one 
obtains  the  Schrodinger  equation, 
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ih  M(x,t)/9t  =  -(h2/2m)  d2  ^(x,t)/dx2  +  V(x,t)T(x,t).  (1.7) 

The  coefficients  of  e2  are  not  compatible  with  Eq.  (1 .7),  so  the  integral  equation 
in  Eq.  (1.1)  is  valid  only  to  order  e2.  Since  e  is  an  infinitesimal  time  difference, 
this  neglect  of  terms  of  order  e2  and  higher  is  not  disturbing.  After  equating 
coefficients  to  order  e,  the  limit  as  e  ->  0  can  be  taken. 

THE  CLASSICAL  LIMIT 

In  this  section  the  classical  limit  of  the  integral  equation  in  Eq.  (1 .1)  is  taken. 
The  wave  function  can  be  written  in  terms  of  its  modulus  and  argument  as 

'l'(y»t)=  b(y,t)|  exp{i  W(y,t)/hJ  (2.1) 

where  the  physical  significance  of  W(y,t)  is  given  later.  The  integral  equation  in 
Eq.  (1.1)  can  now  be  written  as 

h(x.t  +  e)  |  =  A"1  _£  dy  exp{i  g(x,y)/h}  |Y(y,t)|,  (2.2) 

where  the  function  g(x,y)  is  defined  as 

g(x,y)  =  em  [(x  -  y)/e]  2/2  -  eV((x  +  y)/2 ,  t  +  e/2)  +  W(y ,  t)  -  W(x,t  +  e)*  (2-3) 

For  convenience  the  explicit  dependence  of  g(x,y)  on  the  time  t  is  suppressed. 

In  the  limit  as  h->  0,  the  method  of  stationary  phase  can  be  used  to  obtain  an 
asymptotic  expression  for  the  integral.  As  h->  0  the  contribution  to  the  integral 
comes  predominately  from  the  point  y  where  the  first  derivative  of  g  with  respect 
to  y  vanishes.  At  other  points  the  exponential  oscillates  very  much  more  rapidly, 
and  the  positive  and  negative  contributions  to  the  integral  tend  to  cancel  each 
other.  The  function  g(x,y)  can  be  expanded  about  a  point  y0, 

g(x,y) = g(x,y0)  +  [3g(x,y)/3y]0  (y  - y0)  + 1/2  [ 32g(x,y)/3y2 ]0  (y  -  y0)2  +  • . . .  (2.4) 

The  point  y0  is  chosen  such  that  the  first  derivative  vanishes: 

[3g(x,y)/3y]0  =  -m(x  -  y0)/e  -  eV'((x  +  y0)/2,  t  +  e/2)/2  +  W'(y0,t)  =  0,  (2.5) 

where  the  prime  denotes  the  partial  derivative  with  respect  to  the  first  variable. 
This  equation  gives  y0  implicitly  as 

y0  =  x  +  e2  V'((x  +  y0)/2,  t  +  e/2)/2m  -  eW'(y0,t)/m,  (2.6) 

so  y0  is  a  function  of  x.  The  second  derivative  with  respect  to  y  in  Eq.  (2.4)  is 
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[32g(x,y)/9y2]0  =  (m/e)  (1  +  a),  (2.7) 


where 


a  =  eW"(y0,t)/m  -  e2  V"((x  +  y0)/2,  t  +  e/2)/4m  (2.8) 

defines  the  quantity  in  Eq.  (2.7).  Thus  the  expansion  in  Eq.  (2.4)  becomes 

g(x,y)  =  g(x,y0)  +  (m/2e)  (1  +  a)  (y  -  y0)2  + -  (2.9) 

When  Eq.  (2.9)  is  substituted  into  Eq.  (2.2),  the  result  is 
|T(x,t  +  e)  |  =  exp{i  g(x,y0)/h}  x 

/dy(m/27Tihe)1/2exp{im(l  +  a)(y  -  y0)2/2he}  |T(y,t)  |,  (2.10) 

when  the  higher  order  terms  in  the  expansion  are  neglected.  If  the  limit  as  h^  0 
is  taken  and  Eq.  (1.5)  is  used,  the  result  is 

|T(x,t  +  e)|  =  exp {i g(x,y0)/h)  |T(y0,t)|  |l  +  a|_1/2  (2.11) 

which  is  valid  asymptotically.  Eq.  (2.6)  gives  y0  as  a  function  of  x. 

Eq.  (2.11)  is  peculiar  in  that  the  left  side  is  real  while  the  right  side  could  be 
complex.  Thus  the  function  g(x,y0(x))  =  0  everywhere  that  |T(x,t  +  e)  |2  and 
T(y0,t)|2  are  not  zero.  The  square  of  the  absolute  value  of  the  wave  function 
nx.t  +  e)!2  is  a  probability  density,  which  here  shall  be  assumed  as  normalized. 
In  the  limit  as  h  -+  0  the  quantum  mechanical  probability  density  (perhaps  averaged 
(Schipper,  1969)  over  very  small  regions  Ax)  approaches  the  function  F(x,t  +  e) 

| T(x,t  +  e)|2  -»  F(x,t  +  e),  (2.12) 

where  F(x,t  +  e)  is  the  classical  spatial  distribution  function  for  a  mixed  state  in 
classical  statistical  mechanics.  The  function  F(x,t  +  e)  is  the  probability  density  of 
finding  a  classical  particle  at  the  point  x  at  time  t  +  e  in  the  absence  of  complete 
information  about  its  initial  coordinate  (Hobson,  1971).  This  interpretation  of 
Eq.  (2.1 1)  gives  the  classical  equation  of  motion  in  the  next  section. 

What  does  it  mean  to  take  the  limit  as  Planck’s  Constant  h  =  27Thgoes  to  zero? 
From  a  mathematical  point  of  view  Planck’s  Constant  can  be  treated  as  a  parameter, 
which  can  be  varied.  From  a  physical  point  of  view,  however,  Planck’s  Constant 
is  a  constant  of  nature  and  has  a  fixed  value.  The  mathematical  limit  h^  0  in 
Eq.  (2.10)  is  equivalent  to  the  limit  m  -*  °°.  Although  physically  the  mass  cannot 
be  made  infinite,  it  can  be  made  sufficiently  large  that  the  principle  of  stationary 
phase  may  be  used  to  evaluate  Eq.  (2.10).  If  His  the  distance  over  which  |T(y,t)|  is 
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slowly  varying,  then  the  principle  of  stationary  phase  may  be  used  if  m£2/he  >>  1 . 
Physically  one  can  think  of  l  as  a  characteristic  length  of  the  particle. 

If  one  considers  a  proton  for  which  the  characteristic  length  can  be  taken  as 
its  radius,  i  ~  10-13cm,  and  e  is  taken  as  the  shortest  characteristic  time,  viz.,  the 
time  it  takes  light  to  traverse  the  proton  10_23sec,  then  the  dimensionless 
ratio  m £2/he  ~  1 .  Thus  the  proton  is  a  quantum  mechanical  particle,  as  one  knows, 
since  all  points  y  at  time  t  contribute  to  the  wave  function  at  the  point  x  at  the 
time  t  +  e.  For  the  electron,  the  characteristic  length  is  taken  as£=  r0  =  e2/mc2, 
the  classical  electron  radius,  the  characteristic  time  is  taken  as  e  =  r0/c,  where  c  is 
the  speed  of  light,  which  gives  mro/he=  e2/hc  =  1/137,  the  fine  structure  constant. 
Thus,  as  is  known,  the  electron  is  a  highly  quantum  mechanical  particle. 

On  the  other  hand,  for  a  macroscopic  particle  with  a  mass  of  ~1  g  and  a  radius 
of  ~1  cm,  the  ratio  m£2/he  ~  1037  which  is  certainly  >>  1 .  Thus,  the  macroscopic 
particle  has  a  characteristic  action  m9?/e  >>h.  For  a  macroscopic  particle,  the 
principle  of  stationary  phase  can  be  used  in  Eq.  (2.10)  to  obtain  Eq.  (2.1 1)  since 
essentially  all  the  contribution  to  the  probability  amplitude  at  x  at  time  t  +  e  comes 
from  the  stationary  point  y0  at  time  t,  the  remainder  term  in  Eq.  (2.1 1)  being  of 
order  (m£2/he)_1  (Copson,  1965). 

VANISHING  OF  THE  PHASE 

In  this  section  the  vanishing  of  the  phase  in  Eq.  (2.1 1)  is  shown  to  imply  the 
classical  equation  of  motion  (Goldstein,  1950).  Ifeach  side  of  Eq.  (2.11)  is  squared, 
and  Eq.  (2.12)  is  used,  the  result  is 

F(x,t  +  e)  =  exp{2ig(x,y0)/h}F(y0,t)  |l  +a|_1.  (3.1) 

If  a  classical  particle  is  at  the  point  x  =  x(t  +  e)  at  the  time  t  +  e,  then  from  Eq.  (3.1) 
it  must  have  been  at  the  point 

x  =  x(t)  =  y0(x(t  +  e))  (3.2) 

at  the  time  t.  For  this  condition  the  phase  in  Eq.  (3.1)  must  vanish,  so  from  Eq.  (2.3), 

g(x(t  +  e),  x(t))  =  em[x(t  +  e)  -  x(t)]2/e22  -  eV(  x-^~  ^  +  t  +  y) 

+  W(x(t),t)  -  W(x(t  +  e),  t  +  e)  =  0.  (3.3) 

The  classical  path  x(t)  is  assumed  to  be  differentiable,  so 

x(t  +  e)  =  x(t)  +  ex(t)  +  e2x(t)/2  +  .  .  .  .  (3.4) 

If  Eq.  (3.4)  is  substituted  into  Eq.  (3.3)  and  W(x(t  +  e),  t  +  e)  is  expanded  in 
powers  of  e  using  the  Taylor’s  Series,  the  result  is 
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e[mx2/2  -  V(x,t)  -  dW(x,t)/dt] 

+  (e2/2)[mxx-V'(x,t)x-%,t)-d2W(x,t)/dt2]  +  O(e3)  =  0,  (3.5) 

where  V(x,t)  is  the  partial  derivative  of  V  with  respect  to  time. 

The  coefficients  of  both  e  and  e2  must  vanish  identically.  Using  Eq.  (1.2)  for  the 
Lagrangian,  and  expressing  the  total  time  derivative  in  terms  of  partial  derivatives, 
one  obtains 


x9W(x,t)/9x  -  L(x,x,t)  +  9W(x,t)/9t  =  0  (3.6) 

for  the  condition  that  the  coefficient  of  e  in  Eq.  (3.5)  vanishes.  The  coefficient 
of  e2  in  Eq.  (3.5)  is  the  total  derivative  with  respect  to  time  of  the  coefficient  of 
e.  Therefore  the  total  derivative  of  Eq.  (3.6)  also  vanishes,  which  gives 


where  x  and  x  are  considered  to  be  independent  variables. 
The  vanishing  of  the  coefficient  of  dx  gives 


(3.7) 


|V  =  |^.  (3.8) 

OX  ox 

Since  the  canonical  momentum  is  p  =  9L/3x,  one  has 

p  =  9W(x,t)/9x,  (3.9) 

from  Eq.  (3.8).  The  vanishing  of  the  coefficient  of  dx  in  Eq.  (3.7)  gives,  with  the 
help  of  Eq.  (3.8), 

<310> 

which  is  the  Euler- Lagrange  Equation  of  motion.  When  Eq.  (1.2)  for  Lis  substituted 
into  Eq.  (3.10),  one  obtains 


mx=-9V/9x,  (3.11) 

which  is  Newton’s  Second  Law.  The  vanishing  of  the  coefficient  of  dt  is  considered 
later  in  this  section. 

The  definition  of  the  Hamiltonian  is 


H(p,x,t)  =  xp  -  L(x,x,t), 


(3.12) 
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where  the  canonical  momentum  is  defined  as 

p  =  3L/8x.  (3.13) 

When  Eq.  (1.2)  is  used  in  Eq.  (3.12),  it  becomes 

H(p,x,t)  =  p2/2m  +  V(x,t).  (3.14) 

Hamilton’s  equations  of  motion,  which  are  used  later,  are  obtained  by  differentiating 
Eq.  (3.12).  If  Eq.  (3.12)  is  differentiated  with  respect  to  p,  one  obtains 

3H(p,x,t)  =  .  (3.15) 

3p 

When  Eq.  (3.12)  is  differentiated  with  respect  to  x  one  obtains 

5H(p,x,t).  =  '  (3.1 6) 

OX 

when  Eqs.  (3.10)  and  (3.13)  are  used.  When  Eq.  (3.12)  is  partially  differentiated 
with  respect  to  t,  one  obtains 

3H(p,x,t)  =  -  3L(x,x,t)  (3  17) 

3t  3t  '  ^ ’ 

Eqs.  (3.15)  through  (3.17)  are  the  standard  equations  of  Hamiltonian  mechanics 
(Goldstein,  1950). 

Because  of  Eq.  (3.9)  for  the  canonical  momentum  and  Eq.  (3.12)  for  the 
Hamiltonian,  Eq.  (3.6)  can  be  written  as 

H(8W/3x,x,t)  =  -3W/8t.  (3.18) 

The  function  W(x,t)  in  Eq.  (3.9)  is  called  Hamilton’s  Principal  Function,  which 
satisfies  the  Hamilton-Jacobi  Equation  in  Eq.  (3.18). 

The  condition  that  the  coefficient  of  dt  in  Eq.  (3.7)  vanishes  is 

^(^L)_|L=0.  (3.19) 

If  Eq.  (3.18)  is  substituted  into  Eq.  (3.19),  one  obtains 


Th(  p;x,t)  =  -|L. 


(3.20) 
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If  the  total  derivative  of  H  is  taken,  one  obtains 


3H 

dp 


8H 

dx 


dH=-dL 

at  at  ' 


(3.21) 


When  Eqs.  (3.15)  and  (3.16)  are  used  in  Eq.  (3.21),  the  first  2  terms  on  the  left- 
hand  side  cancel,  leaving  Eq.  (3.17). 

The  condition  that  the  classical  probability  be  real  ensures  that  the  time  develop¬ 
ment  of  the  path  x(t)  satisfies  the  classical  equations  of  motion.  In  the  next  section 
the  same  result  is  obtained  from  another  point  of  view. 


EQUATION  FOR  THE  CLASSICAL  PATH 

In  the  last  section  the  vanishing  of  the  phase  in  Eq.  (3.1)  for  x(t)  given  by 
Eq.  (3.2)  was  shown  to  imply  the  classical  equation  for  x(t).  However,  the  function 
y0(x)  is  implicitly  given  by  Eq.  (2.6),  and  thus  Eq.(3.2)  must  be  compatible  with 
the  classical  equations  of  the  last  section.  In  this  section  it  is  shown  that  Eqs.  (3.2) 
and  (2.6)  do  indeed  give  the  classical  equations  of  motion. 

If  Eq.  (3.2)  is  substituted  into  Eq.  (2.6),  the  result  is 

x(t)  =  x(t  +  e)  +  (e2/2m)V'(x(t  +  +  x(t)  ,  t  +-^)-  eW'(x(t),  t)/m.  (4.1) 

Using  the  expansion  of  the  classical  path  in  Eq.  (3.4),  one  obtains 

x(t)  =  x(t)  +  e  [x  -  W'(x,t)/m]  +  (e2/2)[x  +  V'(x,t)/m]  +  0(e3).  (4.2) 

In  order  for  Eq.  (4.2)  to  be  satisfied,  it  is  necessary  for  the  coefficients  of  e  and 
e2  to  vanish  separately.  The  coefficient  of  e  vanishing  implies 

mx  =  3W(x,t)/3x,  (4.3) 

which  is  the  same  as  Eq.  (3.9).  It  implies  that  the  function  W  can  be  identified 
with  Hamilton’s  Principal  Function.  The  coefficient  of  e2  vanishing  implies 


mx=  -V'(x,t), 


(4.4) 


which  is  Newton’s  Second  Law  obtained  previously  in  Eq.  (3.1 1). 

CONCLUSION 

Only  a  single  particle  in  one  dimension  is  consideered  here,  since  the  method  of 
stationary  phase  is  used.  Although  the  method  of  stationary  phase  can  be  extended 
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to  multiple  integrals  (Jones  and  Kline,  1958),  it  is  accompanied  by  a  considerable 
increase  in  complexity.  The  method  of  stationary  phase  also  has  the  disadvantage 
of  not  giving  an  accurate  estimate  of  the  remainder.  In  the  approach  using  the 
Feynman  integral  equation  (Feynman  and  Hibbs,  1965)  for  infinitesimal  time 
durations  e,  the  limit  as  e  ->  0  cannot  be  taken  except  at  the  end. 

The  method  of  stationary  phase  used  to  obtain  the  classical  limit  gives  some 
understanding  of  the  difference  between  a  classical  and  a  quantum  mechanical 
particle.  The  relevant  dimensionless  parameter  is  m£2/he  =  me £/h,  where  m  is 
the  mass,  £  is  the  “radius,”  and  e  =  £/c  is  the  time  it  takes  light  with  a  speed  of 
c  to  traverse  the  particle.  When  this  parameter  mi2 /he  >>  1 ,  classical  mechanics 
can  be  applied.  On  the  other  hand,  if  it  is  of  the  order  of  10  or  less,  quantum 
mechanics  must  be  applied. 

The  fact  that  a  pure  state  in  quantum  mechanics  generally  goes  into  a  mixed 
state  in  classical  statistical  mechanics  (Tolman,  1938)  is  also  an  interesting  feature  of 
the  classical  limit.  The  role  of  the  momentum  distribution  is  not  fully  understood, 
however.  The  connection  between  pure  quantum  states  and  classical  statistical 
mechanics  seems  to  indicate  that  the  most  natural  method  of  taking  the  classical 
limit  is  to  use  the  Liouville-von  Neumann  Equation.  Then  the  Wigner  Distribution 
Function  can  be  defined.  The  formal  passage  from  quantum  mechanics  (for  either 
a  pure  or  mixed  state)  to  the  Liouville  Equation  of  classical  statistical  mechanics 
is  then  easy.  The  implicit  dependence  of  the  Wigner  Distribution  Function  on 
Planck’s  Constant  still  causes  difficulties,  however  (Schipper,  1969). 
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ABSTRACT 

Preliminary  pollen  analyses  of  samples  from  4  archeological  sites,  representing  the 
Archaic,  Formative,  and  eaYly  Historic  periods  near  El  Paso,  TX,  indicate  that  the  lowland 
vegetation  at  the  time  of  the  occupations  was  of  a  rich,  grassland  community  type,  and  that 
more  water  was  available,  probably  as  a  result  of  greater  precipitation.  The  Rio  Grande  bank 
vegetation  was  also  richer  at  least  during  the  Archaic  occupation.  These  environments 
provided  the  aboriginal  inhabitants  with  wild  plant  foods  and  made  it  possible  for  the 
Formative  and  Historic  occupants  to  grow  domestic  plants  as  well.  The  abrupt  change  in  the 
vegetation  of  the  area,  from  grassland  to  the  present  creotebush-mesquite  steppe,  was  proba¬ 
bly  primarily  a  result  of  climatic  change  made  more  dramatic  by  overgrazing  during  the  last 
100  years. 


INTRODUCTION 

The  prehistory  of  the  El  Paso  portion  of  the  American  Southwest  (Fig. 
1)  has  been  investigated  since  the  first  quarter  of  the  century,  a  regional 
chronology  has  been  developed,  and  the  technology  of  the  later  time 
periods  has  been  described  (Lehmer,  1948)  but  until  now  there  has  been 
no  practical  means  of  recovering  useful  environmental  data  from  the 
occupation  levels  of  the  archeological  sites.  A  regional  climate  chronol¬ 
ogy  has  been  outlined,  however,  with  data  derived  from  packrat  midden 
(Van  Devender,  1977;  Van  Devender  and  Wiseman,  1977;  Van  Devender 
and  Spaulding,  1979)  and  rainfall  patterns  for  the  protohistoric  and  his¬ 
toric  period  have  been  developed  from  tree-rings  (Fritts,  1965).  Charred 
wood  and  seeds  from  hearths  and  trash-filled  pits  (Ford,  1977;  Wetter- 
strom,  1978)  have  not  been  convincingly  representative  of  past  environ¬ 
mental  conditions  because  human  actions  are  believed  to  have  been 
responsible  for  their  presence  and  previous  attempts  by  competent  paly- 
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Figure  1.  Location  of  pollen  sample  sites,  El  Paso  area,  Texas. 
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nologists  to  recover  pollen  from  prehistoric  deposits  have  met  with  fail¬ 
ure.  It  was  only  with  the  application  of  extraction  techniques  developed 
in  a  similarly  arid  environment  in  Israel  that  success  was  achieved  and 
sufficient  pollen  was  recovered  to  permit  this  preliminary  statement  rela¬ 
tive  to  past  climatic  conditions  in  the  vicinity  of  El  Paso. 

Regional  Prehistory 

The  southwestern  United  States  has  been  occupied  by  man  for  the  last 
10,000  yr  although  the  early  Paleo-Indian  hunters  of  large,  now  extinct, 
herd  animals  and  the  later  Archaic  hunter-foragers  are  poorly  known  in 
the  El  Paso  area.  The  succeeding  Formative  stage  is  better  known.  By  ca. 
400  A.D.  when  the  use  of  brownware  pottery  had  become  common, 
domesticated  plants  were  probably  regular,  minor  components  in  the  diet 
along  with  wild  plant  and  animal  foods.  Small,  seasonal  villages  of  up  to 
a  half-dozen  flimsy,  circular,  brush-covered  dwellings  were  located  a  few 
hundred  meters  from  the  edge  of  shallow  depressions  that  probably  held 
water  seasonally.  House  types  changed  late  in  this  Mesilla  phase  to  larger, 
more  sturdily  constructed,  round  or  rectangular,  semi-subterranean  struc¬ 
tures  by  900  to  1100  A.D.  and  villages  were  larger. 

During  the  Dona  Ana  phase,  between  1 100  and  1200  A.D.,  red  or  black 
decoration  was  added  to  the  brown  pottery,  domestic  plants  presumably 
became  more  important  in  the  diet,  and  dwellings  were  rectangular  adobe 
structures  that  still  had  sunken  floors.  Little  is  known  of  the  size  or 
distribution  of  these  villages  because  few  have  been  tested  and  none  have 
been  excavated  thoroughly.  The  final  Formative  stage  horizon  is  that  of 
the  El  Paso  phase  which  is  dated  between  1200  and  1400  A.D.  Black  and 
red  decoration  on  brown  pottery  was  the  only  type  produced  locally. 
Small  villages  of  linearly  arranged,  contiguous,  adobe,  pueblo  rooms 
were  concentrated  in  localities  which  were  favored  presumably  because  of 
their  proximity  to  fertile  field  areas.  Corn,  beans,  and  squash  provided  a 
reliable  subsistence  base  normally,  but  wild  plants  and  animals  continued 
to  be  important.  Sedentary  communities  disappeared  locally  at  the  end  of 
this  phase. 

European  explorers  from  Spain,  passing  through  the  El  Paso  area  in 
the  1580’s,  observed  only  the  nomadic,  hunting  and  foraging  Suma  and 
Manso  Indians  who  apparently  were  completely  dependent  upon  wild 
plants  and  animals  for  their  subsistence.  A  century  later  a  mission  had 
been  established  in  the  area  for  the  Manso  and  in  1680  all  of  the  Spaniards 
and  friendly  Indians  who  survived  the  pueblo  revolt  in  New  Mexico  took 
refuge  in  the  vicinity  of  that  mission  for  12  yr.  European  derived  settle¬ 
ments  have  persisted  in  the  area  since  that  time. 

Climatic  History 

During  the  last  5  yr  intensive  surveys  of  some  500  km2  of  the  Hueco 
Bolson  east  of  El  Paso  have  permitted  the  recording  of  over  2000  archeo- 
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logical  sites  and  the  designation  of  loci  of  site  concentration  (Whalen, 
1977;  1978).  The  total  number  of  sites  and  their  distribution  —  scattered 
near  depressions  in  the  Bolson  during  the  Mesilla  phase  and  concentrated 
on  slopes  and  sand  hills  at  the  edges  of  the  Bolson  during  the  El  Paso 
phase  —  suggest  quite  strongly  that  more  surface  water  and  a  more  ver¬ 
dant  environment  characterized  the  area  during  these  periods  of  prehis¬ 
toric  occupation. 

Early  historic  records  provided  by  Spanish  explorers  and  settlers  refer 
almost  exclusively  to  conditions  along  the  Rio  Grande  where  routes  of 
travel  and  settlements  were  concentrated  and  where  water  was  plentiful 
and  grazing  abundant.  They  provide  little  information,  however,  from 
which  climatic  conditions  can  be  reconstructed  either  along  the  river  or  in 
the  Hueco  Bolson  east  of  the  river.  During  the  American  period  there  are 
occasional  references  to  individuals  cutting  grass  for  hay  in  the  Bolson  for 
sale  to  the  U.S.  Cavalry  in  the  El  paso  area  but  this  information  has  also 
proven  too  ephemeral  to  quantify  in  a  manner  useful  in  reconstructing 
historic  climatic  conditions. 

Circumstantial  evidence  suggests  that  the  environment  was  moister 
before  1400  A.D.  than  it  has  been  since  because  pueblo  farmers  raised 
crops  in  the  Bolson  where  soil  moisture  can  only  have  come  from  rainfall. 
After  the  above  date  the  area  was  abandoned  by  farmers  and  when  the 
Spaniards  arrived  the  only  Indians  they  encountered  were  the  nomadic 
Suma  and  Manso  who  were  completely  dependent  upon  wild  plants  and 
animals.  The  Apache  entered  the  area  about  1700  A.D.  and  gradually 
replaced  the  Suma  and  Manso  perhaps  because  they  developed  a  trading¬ 
raiding  relationship  with  the  Spaniards  that  supplemented  the  foods  they 
derived  from  wild  plants  and  animals.  Within  the  historic  period  the  only 
dependable  farming  endeavors  in  the  El  Paso  area  have  been  those  relying 
upon  irrigation  water  from  the  Rio  Grande. 

A  useful  outline  of  the  postglacial  climatic  history  of  the  El  Paso  area 
has  been  provided  in  several  studies  in  which  ancient  plant  communities 
have  been  reconstructed  from  an  examination  of  the  plant  components  of 
fossil  pack  rat  nests.  Generally,  it  is  argued  that  a  pinon-juniper  wood¬ 
land  prevailed  in  the  low  mountain  ranges  in  the  El  Paso  area  before 
about  1 1,000  B.P.,  that  it  was  replaced  by  a  juniper-oak-mountain  maho¬ 
gany  woodland  which  persisted  until  about  8,000  B.P.,  and  that  grassland 
plant  communities  characterized  the  area  thereafter  until  about  4,000  B.P. 
after  which  grassland  alternated  with  the  present  desertshrub  communi¬ 
ties  (Van  Devender  and  Spaulding,  1979;  Van  Devender,  1977).  Conditions 
moist  enough  to  leave  perennial  water  in  the  playa  lakes  165  mi  west  of  El 
Paso  and  perhaps  locally,  prevailed  before  4,500  B.P.,  at  about  3,000  B.P., 
and  again  between  about  1,100  and  500  B.P.,  and  relatively  moist  grass¬ 
land  communities  existed  in  the  valleys  during  these  periods  or  somewhat 
longer  (Van  Devender  and  Wiseman,  1977). 
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Evidence  derived  from  tree-rings  has  been  used  to  reconstruct  protohis- 
toric  and  historic  climate  conditions  in  western  North  America  (Fritts, 
1965)  and  these  data  provide  information  relative  to  the  El  Paso  area.  It  is 
impossible  to  relate  the  tree-ring  data  to  those  from  packrat  middens 
because  they  do  not  overlap  chronologically  yet,  although  it  is  probable 
that  the  tree-ring  climatic  reconstruction  will  eventually  be  extended  into 
the  early  part  of  the  Christian  era.  Nonetheless,  it  is  probably  safe  to 
assume  that  grassland  and  desertshrub  communities  have  alternatively 
dominated  the  El  Paso  scene  during  the  relatively  moister  and  dryer  peri¬ 
ods  of  the  Christian  era  respectively  as  recorded  in  protohistoric  and  his¬ 
toric  tree-rings.  Thus,  the  period  of  above  average  tree  growth  between 
1610  and  1660  A.D.  probably  marks  a  time  of  luxuriant  grassland  com¬ 
munities  and  of  seasonal  or  perennial  lakes  in  the  playas,  and  the  70  yr 
period  of  below  average  tree  growth  between  1835  and  1905  probably 
records  grasslands  reduction  and  desertshrub  expansion. 

Neither  the  data  recovered  from  packrat  middens  nor  the  major  and 
minor  fluctuations  in  the  environment  that  can  be  inferred  from  the  tree¬ 
ring  record  provide  the  direct  climatic  evidence  relative  to  the  occupation 
levels  in  archeological  sites  that  is  needed  to  begin  to  appreciate  the  past 
lifeways  recorded  there. 

Archeological  Sites  Sampled 

In  selecting  archeological  sites  from  which  to  obtain  samples  for  pollen 
extraction  an  attempt  was  made  to  find  or  obtain  samples  that  had  been 
taken  from  excavated  sites  that  represented  the  better-known  periods  of 
occupation.  No  Paleo-Indian  or  Archaic  sites  had  been  securely  identified 
in  the  immediate  vicinity  of  El  Paso,  when  this  study  was  initiated,  there¬ 
fore,  sites  were  selected  that  related  to  the  better  known  early  Formative 
Mesilla  phase  (400-1100  A.D.),  the  middle  Formative  Dona  Ana  phase 
(1100-1200  A.D.),  and  the  late  Formative  El  Paso  phase  (1200-1400  A.D.), 
and  to  the  early  Historic  period  (1680-1692  A.D.).  All  sites  from  which 
samples  were  taken  had  been  excavated  except  the  Mesilla  phase  site  and  it 
was  dug  and  dated  before  this  study  was  completed.  However,  the  Mesilla 
phase  component  proved  to  be  a  shallow  surface  deposit  and  the  underly¬ 
ing  horizon  from  which  the  pollen  sample  was  taken  found  to  be  of  the 
Archaic  period  and  to  date  between  1800  and  2500  B.C. 

Sampling 

Two  sets  of  samples  were  collected  at  every  site,  one  set  representing  the 
occupational  level(s)  and  another  representing  the  present.  All  of  the 
modern  samples,  i.e.,  those  representing  the  last  decade,  were  taken  dur¬ 
ing  the  course  of  this  study  as  were  the  samples  from  premodern  contexts, 
at  the  late  Formative  site  named  Pickup  Pueblo  (EPCM  31:106:3:1743) 
and  at  the  Archaic  site  named  the  Keystone  Dam  Site  (EPCM  31:106:2:33). 
The  premodern  samples  from  the  middle  Formative  site  named  Three 
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Lakes  Pueblo  (EPCM  31:106:4:14)  and  from  the  early  historic  site  named 
Casa  de  Huesos  (EPCM  31:106:12:6)  were  collected  in  the  past  in  the 
course  of  the  archeological  excavation.  Most  of  the  archeological  samples 
were  taken  from  adobe  wall  material,  which  seems  to  be  well  suited  for 
palynological  analysis,  since  the  adobe  represents  the  true  time  of  the 
construction  of  the  dwellings  on  the  sites,  and  the  mud  from  which  the 
adobe  was  made  acted  as  a  pollen  trap  that  became  sealed  from  later 
contamination  by  the  process  of  drying.  In  sites  devoid  of  adobe  the  sam¬ 
ples  were  collected  from  trash  filled  pits  and  from  floors.  Surface  samples, 
taken  for  controls,  were  collected  from  recent  arroyo  muds  located  as  close 
to  the  sites  as  possible. 

Preparation 

The  major  problem  faced  at  the  time  of  the  preparation  was  caused  by 
the  low  frequency  of  pollen  in  the  collected  samples  which  resulted  from 
poor  vegetation  cover  and  pollen  production.  To  overcome  this  problem, 
rather  large  samples,  500-1000  g  each,  were  prepared.  The  preparation 
method  was  based  primarily  on  the  physical  separation  of  the  pollen  from 
the  mineral  material.  Chemical  treatment  was  omitted  as  far  as  possible  to 
avoid  damage  to  the  delicate  exines  which,  having  been  preserved  in 
detrital  sediments  (mainly  silt  and  sandy  silt),  seemed  to  be  susceptible  to 
destruction.  Therefore,  treatments,  such  as  boiling  KOH,  acetolysis,  and 
the  use  of  strong  acids  such  as  hydrofluoric  or  nitric,  were  totally  avoided. 

Hydrochloric  acid  was  used  first  to  dissolve  the  carbonates  cementing 
the  sediments.  A  series  of  swirlings  followed  —  at  least  5  times  —  to 
eliminate  the  coarse  mineral  material.  After  settling  for  24  hr,  the  material 
was  treated  with  a  zinc  bromide  solution  of  specific  gravity  1.95,  and  the 
organic  material  separated  from  the  mineral.  The  organic  residue  was 
then  settled  in  a  centrifuge  (250  ml  bottles),  washed  with  water,  and  trans¬ 
ferred  through  a  set  of  sieves  of  350,  120  and  20>u  openings.  The  residue 
collected  between  the  120  and  the  20/u  sieves  proved  to  be  quite  clean  and 
rich  in  pollen  grains.  At  least  500  pollen  grains  were  yielded  by  each  of  the 
samples.  The  pollen  grains  were  mounted  in  glycerin  jelly  and  perman¬ 
ently  sealed  in  paraffin.  The  slides  were  studied  under  a  Zeiss  transmitted 
light  microscope  and  at  least  200  pollen  grains  were  identified  and 
counted  for  each  of  the  samples. 

RESULTS 

Keystone  Dam  Site  (EPCM  31:106:2:33) 

The  Keystone  Dam  Site  component  from  which  the  sample  was  taken  is 
of  Archaic  age  and  has  been  dated  by  radiocarbon  to  the  period  1800  to 
2500  B.C.  (O’Laughlin,  1980).  The  site  is  located  in  a  desertscrub- 
mesquite  environment  on  an  alluvial  fan  at  the  mouth  of  a  small  arroyo 
debouching  onto  the  floodplain  of  the  Rio  Grande  in  northwest  El  Paso. 
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Mesilla  and  occasional  El  Paso  phase  materials  litter  the  surface  of  the  site 
but  below  the  surface,  from  a  few  centimeters  to  over  a  meter,  there  are 
Archaic  deposits.  The  pollen  sample  was  taken  from  a  charcoal  deposit  in 
the  side  of  a  recently  cut  arroyo  in  what  later  was  found  to  be  a  shallow 
house  depression.  Only  a  single  sample  was  analyzed  from  this  site.  The 
results  obtained  from  the  analyses  of  the  surface  and  the  subsurface  sam¬ 
ples  are  presented  in  Table  1. 

Three  Lakes  Pueblo  (EPCM  31:106:4:14) 

Three  Lakes  Pueblo  is  a  2-component  Dona  Ana  and  El  Paso  phase  site 
located  in  desertscrub-mesquite  environment  some  40  km  east  of  El  Paso 
in  the  Hueco  Bolson.  The  El  Paso  phase  pueblo  was  destroyed  before  the 
balance  of  the  site  was  tested  by  a  field  school  from  The  University  of 
Texas  at  El  Paso.  A  partially  subterranean  adobe  room  from  which  3 
pollen  samples  were  taken  was  excavated,  as  well  as  several  trash-filled 
pits  which  were  also  sampled.  Architectural  and  artifactual  evidence  sug¬ 
gests  that  the  room  (Room  1)  was  constructed  and  utilized  during  the 
Dona  Ana  phase  and  dated  to  the  late  twelfth  and  early  thirteenth  centur¬ 
ies.  Two  of  the  pits  (Features  4  and  5)  are  probably  contemporaneous  with 
Room  1,  and  the  other  (Feature  1)  was  probably  contemporaneous  with 
the  destroyed  El  Paso  phase  pueblo  and  may  have  dated  between  1250  and 
1350  A.D.  (Thomas  C.  O’Laughlin,  pers.  comm.). 

In  addition  to  the  pollen  sample  the  Dona  Ana  phase  pits  (Features  4 
and  5)  also  produced  mesquite  ( Prosopia  glandulosa)  bark,  seed  pod,  and 
charcoal,  a  fragment  of  a  leaf  succulent  (Agave  sp.),  seeds  of  buckeye  (cf. 
Ungandia),  corn  (Zea  mays)  kernels,  cupules,  and  stalk,  common  beans 
(Phaseolus  vulgaris),  and  tepary  beans  (P.  acutifolius).  Most  of  the  above 
plant  remains  were  also  found  in  Feature  1  which,  in  addition,  contained 
Creosotebush  (Larrea  tridentata),  saltbush  (Atriplex  canascens),  and  sage 
(cf.  Artemisia)  charcoal;  charred  grass  (Gramineae  sp.);  seeds  of  amaran- 
thus  (Amaranthus  sp.),  chenopods  ( Chenopodium  sp.),  Kochia  (cf. 
Kochia  sp.),  and  Crown-beard  (Verbesina  sp.);  and  fragments  of  rind  and 
one  seed  of  warty  squash  ( Cucurbita  mixta)  (Ford,  1977).  The  common 
bean  and  the  warty  squash  would  probably  have  required  abundant  rain¬ 
fall  or  supplementary  watering. 

The  surface  pollen  sample  and  6  prehistoric  samples  were  analyzed 
from  this  site  (Table  1).  One  sample  was  taken  from  each  of  the  pits 
labeled  Features  1,  4,  and  5,  and  three  were  taken  from  the  floor  of  Room 
1.  The  latter  3  were  lumped  together  because  they  came  from  the  same 
provenience  unit. 

Pickup  Pueblo  (EPCM  31:106:3:1743) 

Pickup  Pueblo  is  a  small,  6-room  pueblo  of  the  El  Paso  phase  that  is 
located  in  northeast  El  Paso.  It  is  in  a  desert-scrub  environment  on  the 
east  side  of  a  large,  dry  lakebed  some  9  km  east  of  the  base  of  the  Franklin 


TABLE  1 

Percent  of  Pollen  Recovered  from  Archaic,  Formative, 
and  Historic  Sites  Near  El  Paso,  TX 
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Mountains.  The  sparse  artifacts  are  typical  of  those  found  in  El  Paso 
phase  sites  and  suggest  a  brief  occupation  which,  if  the  single  Lincoln 
Black-on-Red  sherd  is  an  accurate  indication,  may  have  occurred  during 
the  middle  fourteenth  century. 

Two  prehistoric  pollen  samples  were  taken  in  addition  to  the  surface 
sample  (Table  1).  Both  were  taken  from  wall  adobe  with  one  coming  from 
Room  1  at  the  east  end  of  the  room  row  and  the  other  coming  from  Room 
6  at  the  west  end  of  the  row.  Wall  abutments  suggest  that  the  pueblo  grew 
to  the  west  during  the  brief  period  of  occupation. 

Casa  de  Huesos  (EPCM  31:106:12:6 ) 

The  Casa  de  Huesos  Site,  so  named  for  the  large  amount  of  fragmentary 
animal  bone  encountered  on  the  surface,  is  located  in  desert  scrub- 
mesquite  environment  on  the  first  terrace  above  the  Rio  Grande  flood- 
plain  some  48  km  southeast  of  El  Paso-Ciudad  Juarez.  A  well-constructed 
6-room  adobe  dwelling  and  several  flimsily  constructed  outbuildings  were 
located  on  the  site  as  well  as  numerous  artifacts  and  a  large  number  of 
bones  of  domesticated  animals.  Spanish  glazed  ceramics  of  the  late  seven¬ 
teenth  century  and  Indian  matte-painted  ware  from  northern  New  Mexico 
plus  historical  records  of  occupation  in  the  area  permitted  the  assignment 
of  the  site  to  the  Pueblo  Revolt  period  which  is  dated  between  1680  and 
1692.  The  pollen  samples  were  taken  from  adobe  bricks  used  in  the  con¬ 
struction  of  Room  6  in  the  dwelling  and,  therefore,  should  be  representa¬ 
tive  of  the  pollen  rain  before  the  environment  of  the  site  was  greatly 
disturbed  by  the  Spanish  occupation  (Table  1). 

DISCUSSION  AND  CONCLUSIONS 

The  results  of  the  pollen  analyses  presented  in  Table  1,  although  of  a 
preliminary  nature  because  of  the  restricted  number  of  samples,  seem  to 
indicate  a  significant  change  in  the  pollen  rain  between  the  time  of  the 
prehistoric  and  early  historic  samples  and  the  present  time.  The  major 
difference,  which  is  seen  in  every  one  of  the  samples  is  the  much  higher 
percentages  of  Gramineae  pollen  in  the  prehistoric  and  early  historic 
(premodern)  samples.  The  Gramineae  ratio  in  the  archeological  samples 
is  sometimes  more  than  3  times  as  large  as  that  in  the  surface  samples 
from  the  respective  sites,  or,  in  statistical  terms,  all  premodern  samples 
had  Gramineae  counts  that  were  significantly  higher  (i.e.,  more  than  5.7 
standard  deviations  higher)  than  the  mean  of  the  surface  samples.  This  is 
the  most  striking  difference  and  seems  to  indicate  that  the  general  lands¬ 
cape  in  premodern  times  was  that  of  a  grassland  which  is  markedly  in 
contrast  to  the  creosote  bush-mesquite  steppes  of  today. 

Another  conspicuous  difference  is  the  rather  low  percentages  of  pollen 
derived  from  the  higher,  mountainous  vegetation,  especially  pine,  in  the 
premodern  samples  as  compared  to  the  surface  samples.  This  pheno- 
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menon  is  most  readily  understood  by  examining  the  surface  pollen  spec¬ 
tra.  The  present-day  vegetation  of  the  lowlands,  where  all  of  the  sites  are 
situated,  produces  hardly  any  anemophilus  pollen,  except  for  relatively 
small  quantities  of  Gramineae  and  Chenopodiaceae.  As  a  result  of  this 
there  is  an  over-representation  of  the  mountainous  vegetation  pollen. 
Pine  in  particular  is  apt  to  be  over-represented  because  the  trees  produce 
large  quantities  of  vesiculate  pollen  grains  which  are  easily  carried  by 
wind.  The  same  is  most  probably  true,  but  to  a  somewhat  lesser  extent,  for 
the  pollen  of  oaks  and  juniper.  The  pine  pollen,  however,  since  it  is  more 
susceptible  to  wind  transportation  because  of  having  vesicles,  is  much 
better  represented  in  the  modern  pollen  spectra  than  are  oaks  and  juniper. 

Arboreal  pollen  percentages  are  markedly  lower  in  the  premodern  than 
in  the  modern  samples  which  seems  to  indicate  that  the  local  vegetation 
was  much  denser  in  the  past  and  was  composed  of  many  more  anemophi¬ 
lus  plants.  Of  these,  the  most  abundant  were  the  grasses,  but  some  of  the 
premodern  samples  also  display  higher  percentages  of  Compositae 
pollen.  It  seems,  in  general,  however,  that  the  lowlands  in  the  times  of  the 
occupation  of  the  sites  were  mainly  grasslands.  This,  naturally,  would  be 
a  much  better  environment  for  the  prehistoric  occupants  because  they 
could  exploit  the  grassland  habitat  for  plant  and  animal  foods  and  for  the 
early  historic  occupants  because  they  could  also  graze  their  domestic 
animals  on  the  grasslands. 

The  Chenopodiaceae  pollen,  in  which  sub-groups  are  not  distingui¬ 
shable,  should  be  treated  as  representing  2  different  environments.  In  the 
modern  samples  the  high  proportions  of  these  pollen  grains  probably 
represent  the  plants  that  respond  favorably  to  the  somewhat  saline  mod¬ 
ern  soils.  On  the  other  hand,  at  the  time  of  the  occupation  of  the  archeo¬ 
logical  sites,  the  high  proportions  of  Chenopodiaceae  pollen  were  proba¬ 
bly  produced  by  the  weedy  vegetation  that  accompanies  human 
habitations  almost  everywhere.  This  pollen  type  is  conspicuously  repres¬ 
ented  in  the  2  samples  collected  from  the  Pickup  Pueblo  site.  The  sample 
from  the  adobe  Room  1  represents  a  period  quite  early  in  the  occupation 
of  the  site  and  contains  only  14%  Chenopodiaceae  pollen.  The  second 
sample  from  the  adobe  of  Room  6  represents  a  period  much  later  in  the 
occupation  of  the  site  and  contains  26%  Chenopodiaceae  pollen.  This 
increase  in  this  pollen  type  during  the  occupation  of  the  site  probably 
reflects  the  increase  in  ruderal  vegetation  in  response  to  the  accumulation 
of  organic  debris  during  the  occupation.  The  ratios  of  Chenopodiaceae 
pollen  observed  in  the  archeological  and  the  modern  samples  should, 
therefore,  represent  the  interplay  of  the  2  factors:  the  salinity  of  the  present 
day  soils  and  the  accumulation  of  organic  material  in  the  premodern 
soils.  It  is  suggested  that,  since  these  2  quite  different  environmental 
conditions  produce  similar  results  as  measured  in  percentages  of  Cheno- 
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podiaceae  pollen,  other  pollen  types  should  be  used  in  interpreting  the 
paleoenvironment. 

When  comparing  the  arboreal  pollen  spectra  of  the  modern  sediments 
with  those  from  the  archeological  sites  another  important  difference  was 
observed  with  regard  to  the  Keystone  Dam  Sites.  The  Archaic  sample  is 
much  richer  in  pollen  derived  from  hydrophilus  trees.  In  the  modern 
sample  only  1%  of  hydrophilous  pollen,  from  hickory  and  cottonwood, 
was  encountered  while  the  prehistoric  sample  contained  19%  hydrophi¬ 
lous  tree  pollen  and  included  grains  derived  from  cottonwood,  willow, 
ash,  and  maple.  Pollen  derived  from  non-arboreal  hydrophilous  plants  is 
rare  at  this  site  but  their  number  brings  the  percentage  of  hydrophilous 
plant  pollen  to  20.5%  of  the  total  and  the  plants  themselves  —  cattail  and 
knotweed  —  suggest  that  surface  water  in  some  form  existed  nearby.  The 
hydrophilous  plant  pollen  total  does  not  rise  above  2%  in  any  of  the  other 
premodern  samples  and  reaches  only  2.5%  in  the  Three  Lakes  Pueblo 
surface  sample  where  in  the  prehistoric  samples,  alder  and  ash  pollen 
account  for  2%  of  the  probable  El  Paso  phase  Feature  1  pollen  and  where 
one  grain  of  cattail  pollen  was  found  on  the  floor  of  the  Dona  Ana  phase 
Room  1. 

To  conclude,  it  seems  that  the  environment  of  the  El  Paso  area  was  that 
of  a  grassland  during  each  of  the  time  periods  represented  by  the  4  archeo¬ 
logical  sites  that  range  in  age  from  ca.  2,500  B.C.  to  shortly  before  A.D. 
1,700  and  it  is  possible  that  the  environment  prevailed  until  about  a 
century  ago  when  drought  and  overgrazing  reduced  the  grass  cover  and 
the  present  desertscrub-mesquite  plant  community  became  dominant. 
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ABSTRACT 

Under  conditions  of  high  dilution  in  the  Dieckmann  condensation,  diethyl  dodecanedio- 
ate  reacted  to  give  1,12,23-cyclotritriacontanetrione  as  well  as  the  cyclic  diketone  and 
monoketone.  Special  apparatus  was  not  necessary.  Spectra  of  the  triketone  are  compared 
with  spectra  of  other  macrocyclic  ketones. 

INTRODUCTION 

In  a  reinvestigation  of  the  Dieckmann  condensation  with  reactants  at 
higher  dilution  than  in  the  earlier  study  (Leonard  and  Schimelpfenig, 
1958),  this  author  has  found  that  1,12,23-cyclotritriacontanetrione  is  made 
from  diethyl  dodecanedioate.  This  is  the  first  time  that  a  triketone  has 
been  prepared  by  the  Dieckmann  condensation.  For  comparison,  conden¬ 
sations  of  diethyl  sebacate  and  diethyl  suberate  were  conducted  under  the 
same  conditions,  but  no  triketones  were  found. 

RESULTS  AND  DISCUSSION 

Dieckmann  condensations  were  conducted  in  the  same  manner  as  the 
earlier  study  with  2  exceptions:  (1)  Longer  addition  times  resulted  in 
reactions  at  higher  dilution.  (2)  A  special  dilution  chamber,  a  modified 
flask,  and  a  special  stirrer  were  not  used.  A  commercial  3-neck,  3-1  flask 
with  other  commercial  glassware  and  magnetic  stirring  were  used. 

The  cyclic  ketones  produced  from  diethyl  dodecanedioate  were 
cycloundecanone,  1 , 12-cyclodocosanedione,  and  1 , 12,23-cyclotrit- 
riacontanetrione.  The  latter  compound  has  never  been  made  by  this 
method,  although  it  was  first  prepared  in  unspecified  yield  by  Ziegler- 
Thorpe  cyclization  of  the  dinitrile  (Ziegler  and  Aurnhammer,  1934).  The 
only  cyclic  ketone  from  diethyl  sebacate  was  1,10-cyclooctadecanedione. 
The  difficulty  in  forming  cyclononanone  has  been  adequately  explained 
with  conformational  analysis  (Dale,  1971;  Borgen  and  Dale,  1976).  The 
only  cyclic  ketone  from  diethyl  suberate  was  cycloheptanone.  Absent  were 
(a)  1,8-cyclotetradecanedione,  earlier  made  by  pathways  involving  ketene 
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dimerization  (Blomquist  and  Spencer,  1948;  Alvik,  et  al. ,  1972)  and  alkyne 
coupling  (Sondheimer  and  Gaoni,  1959),  and  (b)  any  compound  that 
resembled  the  9-membered  ring  dimer  reported  as  a  product  from  diethyl 
thiolsuberate  (Liu  and  Lai,  1979). 

Nuclear  magnetic  resonance  spectra  of  diketones  and  triketone  were 
similar  to  each  other,  but  unlike  those  of  acyclic  and  small  ring  ketones. 
Isolation  of  beta-hydrogen  resonance  from  that  of  the  other  hydrogens 
appears  to  be  characteristic  of  only  the  macrocyclic  ketones.  In  solution, 
there  may  be  a  conformational  preference  by  the  units  of  5  carbon  atoms 
(carbonyl  plus  alpha  and  beta  methylene  groups)  which  is  different  from 
the  preferred  environments  of  the  connecting  polymethylene  chains.  A 
similar  pattern  for  chemical  shifts  of  the  beta-hydrogens  of  macrocyclic 
monoketones  was  earlier  observed  by  Ledaal  (1968). 

The  infrared  spectrum  1,12,23-cyclotritriacontanetrione  was  very  sim¬ 
ilar  to  spectra  of  other  macrocyclic  ketones;  it  was  not  unusual.  The 
carbonyl  group  stretching  frequency  (1714  cm-1)  was  within  the  range  for 
macrocyclic  monoketones  and  diketones  (1713  cm"1  through  1716  cm  *). 

EXPERIMENTAL 


Analysis 

Infrared  spectra  were  measured  on  solutions  in  CCL  with  a  Perkin- 
Elmer  Model  297  spectrophotometer.  Proton  nuclear  magnetic  resonance 
spectra  were  measured  on  solutions  in  CDCI3  with  a  Varian  Model  EM- 
390  90  MHz  spectrometer.  Boiling  points  and  spectra  of  the  monoketones 
and  melting  points  and  infrared  spectra  of  the  diketones  agreed  with 
literature  values  (Prelog,  1950;  Burer  and  Gunthard,  1956;  Leonard  and 
Schimelpfenig,  1958;  Ledaal,  1968;  Anet,  et  al.,  1973). 

Condensation  of  Diethyl  Dodecanedioate 

During  30  hr,  diethyl  dodecanedioate  (0.05  mol)  in  xylene  (250  ml)  was 
added  to  a  stirred  and  refluxing  solution  of  xylene  (1800  ml)  and  potas¬ 
sium  terLbutoxide  (0.24  mol).  After  the  customary  isolation  procedure  of 
neutralization  with  acetic  acid,  extraction,  removal  of  polymer  by  filtra¬ 
tion,  concentration,  and  acid-catalyzed  hydrolysis  and  decarboxylation, 
the  products  were  separated  and  purified  by  fractional  distillation,  frac¬ 
tional  crystallization,  and  bulb-to-bulb  distillation  with  the  kugelrohr. 
Products  were  0.72  g  (8.5%)!  of  cycloundecanone;  1.47  g  (17.5%)  of  1,12- 
cyclodocosanedione,  NMR  8  2.40  (t,  J  =  6  Hz,  8H,  CH2CO),  1.58  (m,  8  H, 
CH2CH2CO),  1.27  (broad  s,  24  H,  other  RH);  and  0.24  g  (2.8%)  of  1,12,23- 
cyclotritriacontanetrione,  m.  p.  72-3.5  C  (from  ethanol)  (literature  m.  p. 
75-6  C)  (Ziegler  and  Aurnhammer,  1934),  NMR  8  2.37  (t,  J  =  6  Hz,  12  H, 


Percentages  in  parentheses  are  yields  of  isolated  and  purified  products. 
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CH2CO),  1.57  (quintet,  J  =  6  Hz,  12  H,  CH2CH2CO),  1.26  (broad  s,  36  H, 
other  RH),  IR  1714  cm'1  (C  =  O). 

Condensation  of  Diethyl  Sebacate 

As  described  above,  0.05  mol  of  diethyl  sebacate  reacted  (addition  time 
32  hr)  to  produce  2.30  g  (32.8%)  of  1,10-cyclooctadecanedione,  NMR  8  2.37 
(t,  J  =  6  Hz,  8  H,  CH2CO),  1.56  (quintet,  J  =  6  Hz,  8  H,  CH2CH2CO),  1.24 
(broad  s,  16  H,  other  RH). 

Condensation  of  Diethyl  Suberate 

As  described  above,  0.05  mol  of  diethyl  suberate  reacted  (addition  time 
34  hr)  to  produce  3.01  g  (53.6%)  of  cycloheptanone. 
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REPRODUCTION  IN  THE  CAPTIVE  BRAZOS  WATER  SNAKE,  NERODIA 
HARTERI. — Gary  Carl,  Department  of  Herpetology,  Fort  Worth  Zoological  Park,  Fort 
Worth,  TX  76110. 

There  have  been  few  reports  on  reproduction  and  young  of  Harter’s  Water  Snake,  Nerodia 
harteri,  a  Texas  endangered  species.  McCallion  (1944,  Copeia,  1944:63)  gave  data  on  38 
embryos  and  one  stillborn  of  N.  h.  harteri  (Brazos  Water  Snake)  and  Conant  (1942,  Bull. 
Chicago  Acad.  Sci.,  6:193)  reported  on  the  birth  of  7  individuals.  This  report  deals  with 
reproduction  of  captive  N.  h.  harteri  at  the  Fort  Worth  Zoological  Park,  Texas. 

A  male  and  a  female  were  collected  below  Possum  Kingdom  Dam,  Brazos  River,  Palo 
Pinto  County,  Texas.  The  male  was  acquired  1  October  1975  and  the  female  5  July  1977. 
They  were  housed  together  in  a  30  X  45  cm  fiberglass  exhibit  with  a  substrate  of  limestone 
rocks,  a  wood  limb,  plastic  plants  and  a  large  water  bowl.  Skylights  provided  a  natural 
photoperiod.  The  temperature  was  maintained  at  ca.  27  C  but  was  allowed  to  drop  to  18-21  C 
during  the  winter  months.  Food  consisted  of  defrosted  frogs  and  live  fish.  Young  were  fed 
small  live  fish.  Measurements  were  made  using  a  “squeeze  box’’  (Quinn  and  Jones,  1974, 
Herp.  Review,  5:35).  Young  were  sexed  shortly  after  birth  by  probing  or  attempting  to 
manually  extrude  the  hemipenes. 

The  female  gave  birth  in  captivity  in  1974  before  acquisition  into  the  collection  and  again 
in  1978  and  1979.  On  26  July  1978,  one  day  post  parum  and  10  days  after  their  last  meal,  the 
parents  were  weighed  and  measured.  The  female  and  male  respectively  weighed  156.3,  62.9  g. 
Snout-vent  and  tail  lengths  respectively  for  the  female  were  629  and  180  mm,  and  450  and  156 
mm  for  the  male. 

Courtship  was  observed  during  the  first  2  wk  in  May  in  both  1978  and  1979.  Births  occured 
25  July  1978  and  5  September  1979,  indicating  a  gestation  period  of  11  to  17  wk.  Conant 
(1942)  and  McCallion  (1944)  reported  births  on  16  and  24  September.  All  young  shed  for  the 
first  time  within  several  hours  of  birth.  Data  on  young  are  given  in  Table  1;  1974  data  do  not 
include  3  stillborn. 


TABLE  1 

Birth  Dates,  Litter  Sizes,  Weights  and  Lengths  for 
Three  Litters  of  Nerodia  Harteri  Harteri. 


Birth 

Date 

Litter 

Size 

Weight  (g) 

X(  Range) 

Length  (mm) 
X(Range) 

Total 

Snout-vent 

Tail 

2  Sept  74 

6 

2.5(2.2-2.8) 

186(170-196) 

25  July  78 

13 

3. 1(2. 7-3. 7) 

211(203-216) 

159(151-168) 

52(45-56) 

5  Sept  79 

4 

3. 5(3. 0-3. 9) 

238(226-252) 

177(163-190) 

61(56-67) 

Lengths  and  weights  presented  here  extend  the  range  of  variation  reported  by  Conant 
(1942)  for  a  live  litter  and  by  McCallion  (1944)  for  22  “well  advanced’’  embryos  in  a  single 
female.  The  litter  of  4  is  the  smallest  reported.  Young  were  similar  to  the  parents  though  the 
dorsal  markings  were  more  prominent  and  the  color  was  more  vivid,  especially  on  the 
venter.  In  both  parents  and  young  the  sexually  dimorphic  ratio  of  tail  length:  total  length 
fell  within  the  ranges  reported  by  Trapido  (1941,  Amer.  Midi.  Natur.,  25:673),  and  Tinkle 
and  Conant  (1961,  Southwest  Natur.,  6:33).  Means  and  ranges  (percent)  were:  males  26.2 
(24.4-29.1);  females  24.1  (22.1-25.0).  Only  one  of  each  sex  overlaped  the  range  of  the  other  sex. 
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In  November  1978,  11  of  the  young  born  that  year  were  released  at  the  site  where  the 
parents  had  been  captured. — Reviewed  by:  Dr.  Robert  G.  Jaeger,  Dept.  Biol.  Sciences,  State 
University  of  New  York  at  Albany. 

EPONIC  =  ON,  AND  PERONIC  =  AROUND,  AS  USEFUL  DESCRIPTORS 
IN  THE  AQUATIC  HABITAT. — William  J.  Clark,  Departmentof  Wildlife  and  Fisher¬ 
ies  Sciences,  Texas  A&rM  University,  College  Station,  TX  77843. 

Quantitative  studies  of  aquatic  populations  from  inland  waters  generally  have  lacked 
precision.  Only  the  plankton  and  the  profundal  benthos  have  been  described  and  quantified 
with  an  acceptable  degree  of  rigor.  Sampling  of  some  of  the  habitats  presents  formidable 
problems,  but  it  seems  to  me  that  we  are  further  burdening  ourselves  with  a  curiously 
uncritical  approach,  in  that  we  are  not  continuously  refining  sampling  and  descriptive 
procedures.  Current  sampling  practices  have  large  variances,  with  the  resulting  wide  confi¬ 
dence  belts  and  requirements  for  large  sample  numbers.  Thus,  detection  of  trends  and 
relationships  is  difficult,  and  efforts  to  be  quantitative  are  discouraged. 

These  difficulties  may  be  illustrated  by  discussing  the  littoral,  although  the  concepts  may 
be  applied  to  other  regions.  The  littoral  presents  a  broad  spectrum  of  habitats  and  life  styles, 
making  any  categorization  arbitrary  to  some  extent.  The  best  we  can  strive  for  are  categories 
which  describe  and  delineate  the  major  components  with  a  modicum  of  accuracy.  Presently, 
most  of  these  major  components  are  ill-designed  and  poorly  characterized;  however,  2  habi¬ 
tats  are  well  defined;  (1)  the  benthos  ( sensu-stricto ),  which  live  in  the  substrate,  and  (2)  the 
attached  and  creeping  forms,  which  require  or  prefer  surfaces  and  leave  the  surface  only 
during  reproductive  stages  or  by  accident.  There  are  many  organisms  which  do  not  fit  either 
of  these  categories,  but  which  are  included  within  them  to  a  greater  or  lesser  degree  depend¬ 
ing  upon  the  nature  of  the  sampling  procedure. 

Some  illustrative  examples  are  as  follows: 

1)  Many  studies  have  demonstrated  the  presence  of  species  of  micro-crustacea  which  are 
not  planktonic,  but  which  are  found  primarily  near  the  bottom  or  within  weed  beds.  They 
range  from  forms  which  are  primarily  swimmers,  though  remaining  in  the  sheltered  water 
in  the  weed  beds,  to  those  which  spend  much  of  their  time  resting  on  or  moving  over  a 
substrate  surface,  but  which  can,  and  do,  swim  when  disturbed.  This  group  may  be  more 
important  than  the  truly  planktonic  forms  in  the  food  of  young  fishers,  yet  neither  plankton 
or  benthos  sampling  procedures  and  equipment  are  adequate  for  them  and  their  inclusion  to 
varying  degrees  in  samples  taken  by  classical  plankton  or  benthos  methods  adds  to  the 
problems  of  meaningful  analysis  and  interpretation.  Where  these  forms  are  discussed  at  all 
they  are  appended  to  discussions  of  the  plankton,  with  little  recognition  of  the  profound 
difference  in  life  style. 

2)  Many  Hemiptra  and  adult  Coleoptera,  along  with  fast  swimming  nymphs  and  larvae  of 
many  forms,  are  found  in  the  littoral.  These  organisms  evade  capture  by  conventional 
methods  by  fleeing  rapidly  when  the  substrates  around  which  they  live  are  disturbed.  It  has 
always  been  difficult  to  include  such  forms,  which  may  be  a  meter  or  more  from  the  bottom, 
in  the  “benthos”;  yet  this  is  where  they  are  normally  included  and  discussed. 

This  group  presents  particularly  difficult  sampling  problems,  but  ignoring  their  existence 
and/or  including  them  (when  captured)  in  benthic  studies  merely  adds  to  the  problems  of 
quantification  and  evaluation. 

3)  Filamentous  algae  are  often  important  contributors  to  primary  production.  Many 
common  forms,  such  as  Spirogyra  and  Mougeotia  are  not  attached,  but  are  seldom  found  in 
the  limnetic  except  as  pleuston.  They  are  most  often  found  associated  with  submerged 
substrates,  or  resting  lightly  on  the  bottom.  They  are  included  in  most  current  sampling 
procedures  only  by  accident.  This  author  would  call  all  three  groups  “Peronic.” 

The  problem,  then,  is  basically  one  of  defining  populations  of  interface  regions.  The 
problem  is  not  confined  to  the  littoral.  Organisms,  such  as  ostracods,  may  be  present  in  the 
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profundal  on  the  mud  surface  or  in  the  decimeter  or  two  of  water  just  above  the  bottom. 
Such  populations  are  inadequately  sampled  by  either  planktonic  or  benthic  procedures  and 
often  their  importance  is  only  disclosed  by  food  habits  studies.  Nor  is  the  problem  exclusive 
to  fresh  waters.  Barnes,  et  al.  (Barnes,  Quetin,  Childress,  and  Dawson,  1976,  Science, 
194:1083)  report  on  a  marine  near  bottom  population  which  illustrates  the  same  descriptive 
ambiguities. 

If  this  interface  habitat  is  in  fact  an  important  one,  then  one  should  recognize  it  and 
design  sampling  procedures  to  deal  with  it.  One  must  also  have  terms  of  reference  which 
permit  reference  to  it  to  be  as  unambiguous  as  possible. 

Two  terms  are  proposed  as  general  habitat  descriptors  for  aquatic  organisms:  “ Eponic ”  = 
on  or  upon,  and  “Peronic”  —  around,  near,  in  the  vicinity  of.  This  author  makes  no  claim 
for  first  use  of  the  terms  in  this  context,  but  merely  wishes  to  put  them  forward  as  a  solution 
to  the  dilemma  discussed. 

The  two  descriptors  could  fit  into  a  general  pattern  of  usage  shown  in  Table  1. 

TABLE  1 


Habitat 

Biota 

Criteria 

Benthonic 

Benthon 

Organisms  burrowing  in,  living  in  tubes  in,  or  living 

(Benthic)1 

(Benthos)1 

in  interstitial  spaces  of  the  bottom  material 

Eponic  (on) 

Epon 

Sessile  organisms  and  organisms  motile  on  surfces  but 
not  normally  leaving  the  surface 

Peronic  (around) 

Per  on 

Organisms  found  around,  near  or  in  the  vicinity  of  sur¬ 
faces  sometimes  resting  on  or  crawling  on  surfaces 

Nektonic 

Nekton 

Larger  motile  organisms  which  swim  from  place  to 
place  in  the  body  of  water  independent  of  currents 

Planktonic 

Plankton 

Smaller,  free  floating  organisms  of  the  open  water 
which,  if  motile,  are  incapable  of  maintaining  position 
against  major  currents 

Pleustonic 

Pleuston 

Organisms  of  the  air-water  interface 

Neustonic 

Neuston 

Microscopic  pleuston 

Psammonic 

Psammon 

Organisms  living  in  the  interstitial  water  among  sand 
grains 

Endolithic 

Endolithon 

Organisms  penetrating  into  rock 

Endophytic 

Endophyton 

Organisms  penetrating  into  plants 

Macrophytic 

Macrophyton 

Rooted  aquatic  vascular  plants  or  attached  macroalgae 

•Benthonic  and  Benthon  conform,  but  this  alone  is  not  sufficient  reason  to  discard  such 
venerable  terms.  The  question  is  one  of  precisely  conveying  meaning.  Benthic  and  Benthos 
have  so  long  been  used  in  very  general  terms,  including  much  more  than  the  habitat  here 
defined,  that  it  is  doubtful  that  confusion  could  be  avoided.  However,  if  meaning  is  care¬ 
fully  defined,  use  of  the  older  terms  is  possible  and  they  remain  useful  in  general  reference  to 
the  region. 

The  proposed  terms  lend  themselves  to  specific  and  unambiguous  subdivisions  describing 
the  type  of  surface:  Epiphytic-on,  Periphyt ic-around  plant  material;  Epilithic-on, 
Perilithi c-around  rock;  Epipelic-on,  Peripeli c-around  mud  or  silt,  etc.  These  substrate  des¬ 
criptors  are  already  elaborated  for  the  algae,  but  are  less  sytematically  applied  to  bacteria, 
fungi  and  invertebrates. 

The  proposed  terms  separate  groups  of  organisms  which  are  significantly  different  in 
habitat  requirements.  Lack  of  recognition  of  these  differences  has  been  an  important  factor 
contributing  to  the  high  variability  and  lack  of  resolution  in  studies  of  many  aquatic 
populations. 
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FACTORIZATION  OF  THE  GENERAL 
SECOND  DEGREE  POLYNOMIAL 

by  C.  BANDY 

Mathematics  Department 
Southwest  Texas  State  University 
San  Marcos,  TX  78666 

ABSTRACT 

The  following  theorem  is  proved:  The  general  second  degree  polynomial 

XaX‘, 

where  a  is  an  (n  +  1)  by  (n  +  1)  symmetric  matrix  is  factorable  if  and  only  if  the  rank  of 
a  is  less  than  or  equal  to  2. 

INTRODUCTION 

AX2  +  BXY  +  CY2  +  DX  +  EY  +  F  is  factorable  if  and  only  if  the 
determinant  of 


2A  B  D 
|  B  2C  E 
JD  E  2F_ 

is  zero.  The  corresponding  determinant  condition  does  not  give  neces¬ 
sary  and  sufficient  conditions  for  factoring  in  higher  dimensions.  For 
example,  the  symmetric  matrix 

T  0  0  (T 

0  10  0 

0  0  10 

0  0  0  0_ 

associated  with  x2  +  y2  +  z2  has  determinant  zero  but  x2  +  y2  +  z2  is 
not  factorable. 

In  the  work  to  follow,  factorable  means  factorable  over  the  complex 
numbers  and  the  transpose  of  a  matrix  A  will  be  denoted  by  A1. 

Let  X  =  [X1X2. .  . xn  1  ],  A  =  [ai  a2. .  .a n  a]  and  B  =  [bib2.  .  .b„b]  be  row 
matrices. 


Accepted  for  publication:  January  23,  1981 

The  Texas  Journal  of  Science,  Vol.  XXXIII,  Nos.  2,  3,  4,  December,  1981 


86 


THE  TEXAS  JOURNAL  OF  SCIENCE 


Theorem :  The  general  second  degree  polynomial 

XaX1, 

where  a  is  an  (n+1)  by  (n+1)  symmetric  matrix,  is  factorable  if  and 
only  if  the  rank  of  a  is  less  than  or  equal  to  2. 

Proof:  Suppose 


XaX1  =  (aixi  +  .  . .+  anxn  +  a)  (bixi  +  .  .  .  +  bnxn  +  b), 


i.e.  XaX1  =  XAlBXT  Then  a  is  equal  to  the  symmetrized  form  AlB,  i.e. 
a  =  K(AlB  +  BlA).  Let  A©  =  [0  a2  .  .  .  an  a]  B©  =  [0  b2  .  .  .  bn  b]  and 
consider  the  matrices  C  =  AlB©  +  BlA  and  D  =  AlB  +  BlA©. 

Comparing  AlB  +  BlA,  C,  D  one  sees  that  the  sum  of  the  first 
column  of  C  and  the  first  column  of  D  gives  the  first  column  of  AlB  + 
BCA  and  also  the  other  columns  of  C,  D  and  ATb  +  BlA  are  equal. 
Hence  rank  a  =  rank  (AlB  +  BA)  <  max  (rank  C,  rank  D).  If  ai  and  bi 
are  not  zero,  then  one  can  use  multiples  of  the  first  columns  of  C  and 
D  to  eliminate  a  term  in  each  of  the  remaining  columns.  Now,  if  a2 
and  b2  are  not  zero,  then  one  can  use  multiples  of  the  new  second 
columns  of  C  and  D  to  eliminate  columns  3  through  (n+1).  Hence  if 
none  of  ai,  a2,  bi,  b2  are  zero  then  rank  a  <  2. 

Now  to  justify  the  assumptions  that  none  of  ai,  a2,  bi,  b2  are  zero. 
Since  a  is  symmetric,  assume  that  a  —  diag  {pi,  p2  ...  pn+i3“  with 
nonzero  entries  appearing  first.  If  rank  a  =  1,  the  result  is  trivial,  so 
assume  rank  a  >  2.  Thus  pi  and  p2  are  not  zero  and  hence  none  of  ai, 
a2,  bi,  b2  are  zero. 

Conversely,  suppose  the  rank  of  a  is  less  than  or  equal  to  2  and  a  is 
a  diagonal  matrix.  This  means  that  XaX1  is  factorable. 
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ABSTRACT 

The  L-asparaginase  (LA)  from  Lactobacillus  plantarum  (ATC  8014)  has  been  studied. 
The  enzyme  is  very  unstable;  consequently,  no  purification  from  bacterial  extracts  was 
accomplished.  The  LA  activity  could  be  significantly  increased  when  the  growth 
medium  of  the  bacterium  was  supplemented  with  L-asparagine.  Studies  with  the  crude 
bacterial  extract  yielded  the  following  information  about  the  LA  from  L.  plantarum :  (1) 
The  enzyme  activity  responds  cooperatively  to  increasing  levels  of  L-asparagine.  The  s0.5 
value  for  L-asparagine  is  approximately  9  m M .  (2)  ATP  and  other  nucleoside  5’- 
triphosphates  serve  as  potent  negative  allosteric  effectors  of  LA.  The  Io.s  values  for  ATP, 
GTP,  UTP,  and  CTP  are  1.4  mM,  1.25  mM,  0.8  mM,  and  0.85  mM,  respectively,  when 
the  L-asparagine  concentration  is  6  mM.  The  5’-monophosphates  of  adenosine,  guano- 
sine,  uridine,  and  cytidine  inhibit  only  slightly;  the  corresponding  diphosphates  inhibit 
more  strongly,  but  considerably  less  than  do  the  triphosphates.  The  inhibitions  by  all 
nucleoside  phosphates  are  overcome  by  high  levels  of  L-asparagine.  (3)  The  inhibition  by 
nucleoside  triphosphates  (particularly  by  ATP)  prevents  the  operation  of  a  futile  cycle 
where  an  aspartate  U  asparagine  interconversion,  catalyzed  by  the  L-asparagine  synthe¬ 
tase  and  the  L-asparaginase  of  L.  plantarum,  would  lead  to  the  wasteful  hydrolysis  of 
cellular  ATP  when  aspartate  and  asparagine  are  at  low  to  intermediate  levels. 

INTRODUCTION 

The  enzyme,  L-asparaginase,  LA  (E.C.  5.3. 1.1),  which  catalyzes  the 
hydrolysis  of  L-asparagine  to  L-aspartic  acid  and  ammonia,  has  been 
extensively  studied  in  bacteria  in  recent  years  (Mashburn  and  Wriston, 
1964;  Rowley  and  Wriston,  1967;  Jarayam,  et  ai,  1968;  Peterson  and 
Ciegler,  1969;  Law  and  Wriston,  1971;  Berezov,  et  al. ,  1972;  Tosa,  et  ai, 
1972;  Shifrin,  et  ai,  1973;  Halpern  and  Grosswica,  1975).  The  impetus 
for  these  studies  has  been  that  a  number  of  these  bacterial  LA’s  have 
shown  some  effectiveness  in  inhibiting  the  growth  of  certain  tumors  in 
mammals  (Mashburn  and  Wriston,  19641;  Rowley  and  Wriston,  1967; 
Peterson  and  Ciegler,  1969;  Tosa,  et  ai,  1972;  Shifrin,  et  ai,  1973). 
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While  there  have  been  studies  relating  to  the  conditions  necessary  for 
induction  of  synthesis  of  this  enzyme  from  bacteria  (Heineman  and 
Howard,  1968;  Roberts,  et  al.,  1968;  Heineman,  et  al.,  1970;  Boeck  and 
Ho,  1973;  Liu  and  Zajic,  1973;  Bascomb,  et  al.,  1975;  Barnes,  et  al., 
1977),  there  is  no  information  describing  regulation  of  the  activity  of 
LA,  once  formed. 

The  enzyme,  L-asparagine  synthetase,  AS  (6.3. LI),  has  been  studied 
in  a  number  of  laboratories  (Ravel,  et  al.,  1962;  Burchall,  et  al.,  1964; 
Cedar  and  Schwartz,  1969)  and  in  Lacatobacillus  plantarum  in  this 
laboratory  (Norton  and  Chen,  1969).  Asparagine  synthesis  in  this  orga¬ 
nism  is  regulated  by  asparagine  by  both  feedback  inhibition  and 
enzyme  (AS)  repression  (Ravel  et  al.,  1962;  Norton  and  Chen,  1969).  It 
is  apparent  that  a  lack  of  appropriate  regulation  of  an  LA  activity  in 
L.  plantarum  would  result  in  a  futile  cycle  (following  diagram)  with 
the  result  being  the  wasteful  hydrolysis  of  ATP. 

.  Mg++ 

Aspartate  +  NH4  +  ATP - — — >  Asparagine  +  AMP  +  PPi 

AS 

Asparagine  +  H2O - >  Aspartate  +  NH+4 


Net:  ATP  +  H20 - - >  AMP  +  PPi 

The  authors  wish  to  report  our  findings  in  a  study  of  an  LA  activity 
from  extracts  of  L.  plantarum  and  the  regulation  of  this  activity 
through  inhibition  by  ATP  and  other  ribonucleoside  triphosphates. 

EXPERIMENTAL  METHODS 
Preparation  of  Cell-Free  Extracts 

Cultures  of  Lactobacillus  plantarum  (ATCC8014)  were  maintained 
at  5  C  by  monthly  transfer  into  agar  stab  tubes  containing  micro¬ 
inoculum  broth  (Baltimore  Biological  Laboratories).  All  culture  media 
were  autoclaved  for  15  min  in  a  Barnstead  Autoclave  prior  to  use. 

L.  plantarum  was  routinely  cultured  at  37  C  at  pH  6.8  for  18-20  hr  in 
acid-hydrolyzed  casein  medium  (Ravel,  et  al.,  1954).  Two  hours  before 
harvest,  L-asparagine  was  added  (a  quantity  equal  to  that  added  in  the 
original  growth  medium,  10  mM)  to  induce  further  LA  production. 
Cells  were  harvested  using  a  Sharpies  centrifuge,  washed  twice  with 
0.9%  saline,  and  stored  at  —20  C  in  their  packed  form.  To  obtain  a  cell- 
free  extract,  cells  were  slowly  thawed  and  suspended  in  a  buffer 
medium  (1  part  cells  to  2  parts  solution)  of  either  40  mM  Tris,  pH  8.8, 
containing  15%  glycerol  and  0.01  M  /Lmercaptoethanol  (BME);  or  40 
mM  triethanolamine  (TEA)  pH  8.8,  containing  15%  glycerol  and  0.5 
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inM  dithiothreitol  (DTT).  Cell-free  preparations  were  obtained  by 
mechanical  disruption  with  glass  beads  for  four  1-min  intervals  using 
a  Braun  model  MSK  mechanical  cell  homogenizer.  The  cell  debris  was 
then  removed  by  centrifugation  at  18,000  X  g  for  20  min  at  5  C.  Pro¬ 
tein  concentrations  were  determined  using  the  Coomassie  Brilliant 
Blue  method  of  Bradford  (1976). 

Asparaginase  Assay 

LA  activity  was  determined  routinely  by  nesslerization  of  the  enzym¬ 
atically  produced  ammonium  ion.  Substrate  and  enzyme  blanks  were 
included  in  all  assays.  The  complete  reaction  mixture  was  typically 
composed  of  L-asparagine,  1-20  mM;  Tris  buffer,  pH  7.5,  100-400  mM; 
and  enzyme  (crude  cell-free  extract);  in  a  total  volume  of  1  ml.  When 
assaying  for  total  enzyme  activity,  saturating  levels  of  L-asparagine  (20 
mM)  were  employed.  Each  enzymatic  reaction  was  terminated  after  40 
min  at  30  C  by  the  addition  of  1  ml  of  20%  trichloroacetic  acid  (TCA). 
Protein  was  removed  by  centrifugation,  and  the  supernatant  fluid  (0.5- 
1.0  ml)  was  then  removed  and  diluted  to  7.5  ml  with  deionized  water. 
To  this  solution  was  then  added  1  ml  of  Nessler’s  reagent  (Harleco  or 
Fisher  Scientific  Co.).  The  resulting  solution  was  allowed  to  stand  at 
room  temperature  for  10  min  for  full  color  development  and  then  the 
absorbance  was  read  at  480  nm.  A  standard  curve  was  prepared  using 
ammonium  chloride.  The  enzymatic  production  of  NH4  was  linear 
with  time  for  at  least  40  min,  and  the  LA  activity  was  proportional  to 
the  volume  of  bacterial  extract  in  the  incubation  mixture. 

The  activity  of  LA  could  also  be  monitored  in  whole  cells  through 
toluene  treatment  of  the  cell-buffer  medium  suspension.  A  one-tenth 
volume  of  toluene  was  added  to  a  cell-buffer  medium  suspension  and 
gently  mixed  for  15  min  at  room  temperature.  The  cells  were  centrif¬ 
uged  and  washed  3  times  with  buffer  medium  to  remove  the  toluene 
and  resuspended  in  buffer  medium  to  the  original  volume  prior  to 
toluene  treatment.  These  whole  cells  were  then  assayed  for  LA  activity. 

All  compounds  to  be  tested  for  LA  inhibitory  activity  were  dissolved 
in  an  appropriate  volume  of  1  M  Tris  buffer,  pH  7.5,  prior  to  addition 
to  the  incubation  mixtures.  The  concentration  of  Tris  in  the  reaction 
mixtures  not  containing  inhibitor  was  increased  accordingly  such  that 
all  reaction  mixtures  contained  equal  quantities  of  the  buffer. 

RESULTS 

Enzyme  Stabilization  and  Purification 

A  review  of  the  literature  (Heineman  and  Howard,  1968;  Roberts,  et 
al.,  1968;  Heineman  and  Howard,  1970;  Boeck  and  Ho,  1973;  Liu  and 
Zajic,  1973;  Bascomb,  et  al.,  1975;  Barnes,  et  al.,  1977)  reveals  a  com¬ 
plex  and  variable  set  of  culture  parameters  that  affect  LA  synthesis  in 


90 


THE  TEXAS  JOURNAL  OF  SCIENCE 


TABLE  1 

Effects  of  Different  Carbon  Sources  on  Enzyme  Activity1 


Carbon  Source 

L-asparaginase  Specific 

Activity 

(IU/ mg  protein) 

Glucose 

0.317 

Ribose 

0.289 

Glycerol 

<0.05 

'The  medium  less  the  carbon  source  was  prepared  with  10  mM  asparagine  initially;  addi¬ 
tional  asparagine,  10  mM,  was  added  2  hr  prior  to  harvest  (see  Experimental  Methods). 
The  medium  was  then  divided  into  3  equal  volumes  and  equimolar  quantities  (0.055  M) 
of  each  carbon  source  was  added.  Units  of  enzyme  activity  (IU)  are  in  terms  of  ju  moles 
of  ammonia  formed/ min  at  30  C.  See  the  Experimental  Methods  Section  for  further 
details  of  the  assay  procedure. 


bacteria.  For  example,  the  effects  of  culture  medium,  culture  pH,  and 
oxygen  transfer  rate  have  been  shown  to  affect  the  synthesis  of  this 
enzyme.  Studies  were  initiated  to  measure  the  effect  of  carbon  source, 
PH  of  the  growth  medium,  and  the  presence  of  the  inducer,  l- 
asparagine,  on  the  production  of  LA. 

It  has  been  shown  that  glucose  (through  catabolite  repression)  inhib¬ 
its  the  production  of  LA  from  Escherichia  coli  A-l  (Barnes,  et  ai, 
1977).  In  this  laboratory,  the  effect  of  ribose  or  glycerol  on  LA  synthe¬ 
sis  in  L.  plantarum,  in  lieu  of  glucose  as  the  carbon  source  in  the 
growth  medium,  was  determined  (Table  1).  Glycerol  gave  the  poorest 
yield  of  LA.  It  should  be  noted  that  L.  plantarum  utilizes  glycerol  only 
poorly  as  a  carbon  source.  The  cell-free  extracts  obtained  from  bacteria 
grown  on  glucose  or  ribose  produced  comparable  levels  of  LA.  A 
number  of  studies  using  the  latter  2  compounds  showed  neither  carbon 
source  producing  a  higher  specific  activity  in  a  consistent  fashion. 
Glucose  was  routinely  used  since  no  apparent  catabolite  repression 
occurred. 

No  definitive  data  were  obtained  from  studies  involving  pH  manipu¬ 
lation  of  the  growth  media  (Barnes,  et  ai,  1977)  during  different  phases 
of  growth.  As  shown  in  Table  2,  the  effect  of  L-asparagine  in  the 
growth  medium  is  to  significantly  increase  the  specific  activity  of  LA 
in  the  bacterial  extracts.  In  other  studies  it  was  found  that  LA  levels 
could  be  increased  somewhat  more  by  supplementing  the  growth 
medium  with  additional  L-asparagine  (10  mM)  approximately  2  hr 
prior  to  the  time  of  harvesting  the  cells.  It  would  appear  that  L.  plan¬ 
tarum,  even  in  the  stationary  phase  of  growth,  can  be  induced  to  pro¬ 
duce  additional  LA  Under  the  best  conditions  obtained  in  this  study, 
relatively  low  levels  of  LA  (0.5-0. 8  IU/ml  of  culture  medium)  were 
produced  by  L.  plantarum.  Other  microorganisms  (Bascomb,  et  ai, 


l-ASPARAGINASE  IN  LACTOBACILLUS  PLANTARUM 


91 


TABLE  2 

Induction  of  L-Asparaginase  by  L-Asparagine1 


Asparagine  Concentration 

L-Asparaginase 

in 

Specific  Activity 

Growth  Medium 

(I.U./mg  protein) 

None 

0.13 

5  mM 

0.16 

10  mM 

0.38 

'The  growth  medium,  less  L-asparagine,  was  an  acid  hydrolyzed  casein  medium  (Ravel, 
et  al.,  1954).  This  medium  was  supplemented  with  L-asparagine  as  indicated  in  the 
table.  Growth,  harvesting,  extraction,  and  assay  conditions  were  as  described  in  the 
Experimental  Methods  Section. 


1975;  Heineman,  et  al.,  1970;  Liu  and  Zajic,  1973)  have  been  reported 
to  yield  considerably  higher  levels  (1. 3-4.0  IU/ml  of  culture  medium). 

From  the  outset  of  the  studies  with  the  LA  from  L.  plantarum,  the 
authors  experienced  a  rapid  loss  of  enzymatic  activity  after  cell  disrup¬ 
tion  (half  life,  2-3  days).  Addition  of  1  m M  phenylmethylsulfonylfluo- 
ride  (Fahrney  and  Gold,  1963)  to  the  crude  extracts  did  not  affect  LA 
stabilization,  suggesting  that  the  activity  loss  was  not  due  to  the  des¬ 
tructive  action  of  a  serine  protease.  A  number  of  buffer  systems  were 
tested  (Tris,  phosphate,  and  TEA),  along  with  sulfhydryl  group  pro¬ 
tecting  agents  (BME  and  DTT),  and  a  known  protein  stabilizing  agent, 
glycerol.  The  buffer  medium  which  best  stabilized  LA  was  one  com¬ 
posed  of  40  mM  TEA,  pH  7.6,  15%  glycerol,  and  0.5  mM  DTT.  With 
the  TEA  buffer  medium,  the  half-life  of  LA  activity  in  crude  extracts 
was  extended  to  approximately  7-10  days.  The  enzyme  was  not  stable 
to  dialysis.  Addition  of  dialysate  concentrates  to  the  dialyzed  prepara¬ 
tions  did  not  restore  activity. 

All  attempts  to  purify  L.  plantarum  LA  were  unsuccessful.  Fractio¬ 
nation  methods  based  on  solubility,  charge,  molecular  weight,  and 
absorption  characteristics  invariably  met  with  a  virtual  complete  loss 
of  LA  activity.  Such  instability  is  often  associated  with  high  molecular 
weight  proteins  composed  of  easily  dissociable  (and  inactive)  subunits. 
Although  it  would  have  been  desirable  to  have  at  least  a  partially  puri¬ 
fied  preparation  of  LA  for  further  studies,  the  instability  of  the  enzyme 
precluded  this;  consequently,  further  characterizations  of  the  enzymatic 
reaction  were  carried  out  using  the  crude  extracts. 

The  Effects  of  Asparagine  and  Other  Potential  Substrates  or  Analogs 
on  l -Asparaginase  Activity.  A  plot  of  enzymatic  velocity  as  a  function 
of  substrate  (L-asparagine)  concentration  is  shown  in  Fig.  1.  The  plot 
is  sigmoidal  and  is  characteristic  of  a  homotropic  allosteric  enzyme 
with  positive  cooperativity.  Under  the  assay  conditions,  the  S0.5  value  is 
approximately  9  mM  L-asparagine.  Although  a  sigmoidal  response 
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Figure  1.  Plot  of  velocity  versus  substrate  concentration  for  Lactobacillus  plantarum  l- 
Asparaginase.  The  reaction  velocities  for  the  deamidation  of  increasing  levels 
of  L-asparagine  after  a  40-min  incubation  period  at  30  C  and  at  pH  7.5.  The 
International  Unit  (IU)  is  in  terms  of  micromoles  of  free  ammonia  produced 
per  minute. 

might  occur  if  other  enzymes,  specific  for  either  asparagine  or  NH4, 
are  present  in  these  extracts,  it  is  believed  that  the  assay  conditions  pre¬ 
clude  their  operation  in  this  case.  No  activity  was  observed  with  d- 
asparagine,  DL-/J-aspartylhydroxamic  acid  or  L-glutamine.  L-aspartate 
only  slightly  depressed  the  activity  of  LA  at  high  concentrations;  l- 
glutamate  had  no  effect. 

The  Effects  of  ATP  and  Other  Ribonucleoside  Triphosphates  on  l- 
Asparaginase  Activity.  As  shown  in  Fig.  2,  ATP  is  a  very  effective 
inhibitor  of  L.  plantarum  LA.  The  inhibition  profile  indicates  that  the 
negative  effector,  ATP,  exhibits  positive  cooperatively  in  the  inhibitory 
process. 
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Figure  2.  The  effect  of  ATP  on  L-Asparaginase  activity  from  Lactobacillus  plantarum. 

Velocity  is  expressed  in  ^umoles  of  ammonia  produced  per  minute  at  30  C. 
Substrate  concentration  was  6  mM  in  the  reaction  mixture.  Incubation  time 
was  for  40  min  at  30  C. 

The  I0.5  value  (the  concentration  of  inhibitor  giving  50%  inhibition), 
when  the  L-asparagine  concentration  is  6  mM,  was  found  to  be  1.4  mM 
ATP.  Double  reciprocal  plots  of  kinetic  data  obtained  with  increasing 
concentrations  of  L-asparagine  at  various  fixed  levels  of  ATP  are 
shown  in  Fig.  3.  Extrapolation  of  the  non-linear  lines  gives  conver¬ 
gence  at  a  point  on  the  ordinate  and  suggests  that  the  inhibition  by 
ATP  is  overcome  by  high  concentrations  of  the  substrate,  L-asparagine. 
It  would  appear  that  the  LA  of  L.  plantarum  is  a  K-type  allosteric 
enzyme  (Monod,  et  ai,  1965);  thus,  ATP  causes  an  increase  in  the 
“apparent”  Km  of  the  enzyme  while  the  Vmax  remains  constant.  The 
addition  of  Mg++  (2-10  mM)  to  the  incubation  mixtures  gave  some 
stimulation  to  the  asparaginase  activity  (~20%);  however,  the  effects  of 
ATP  on  this  activity  were  essentially  unchanged  in  the  presence  of 
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Figure  3.  Double  reciprocal  plot  of  the  inhibition  by  ATP  of  the  L-Asparaginase  activity 
from  Lactobacillus  plantarum.  See  Experimental  Methods  for  conditions  of 
the  LA  assay.  •  No  ATP  present;  A  1  mM  ATP;  ■  2  mM  ATP;  O  3  mM 
ATP. 

Experiments  similar  to  those  with  ATP  were  conducted  with  GTP, 
UTP,  and  CTP.  Inhibition  profiles  analogous  to  those  for  ATP  were 
obtained  for  each  of  the  3  ribonucleoside  triphosphates.  The  Io.s  values, 
when  the  L-aspragine  concentration  is  6  mM,  were  found  to  be  1.25 
mM,  0.8  mM,  and  0.85  mM  for  GTP,  UTP,  and  CTP,  respectively. 

The  Effects  of  Ribonucleoside  Mono-  and  Diphosphates  on  the 
Inhibition  of  L-Asparaginase.  Upon  expanding  the  inhibition  studies 
to  include  the  mono-  and  diphosphates  of  adenosine,  a  definite  pattern 
of  inhibition  emerged.  From  the  substrate  response  plot  shown  in  Fig. 
4,  it  can  be  seen  that  the  decreasing  order  of  inhibitory  effectiveness  is 
ATP  >  ADP  >  AMP.  Thus,  the  level  of  inhibition  appears  to  be  asso¬ 
ciated  with  the  extent  of  adenosine  phosphorylation. 

The  nucleotide  families  of  guanosine,  uridine,  and  cytidine  were 
similarly  studied  for  inhibitory  effectiveness,  and  the  results  are  shown 


l-ASPARAGINASE  IN  LACTOBACILLUS  PLANTARUM 


95 


L-Asparagine,  mM 


Figure  4.  Effects  of  the  adenosine  nucleotides  on  the  L-Asparaginase  activity  from  Lac¬ 
tobacillus  plantarum.  See  Experimental  Methods  for  details  of  the  assay.  The 
International  Unit  (IU)  is  in  terms  of  micromoles  of  free  ammonia  produced 
per  minutes.  O  No  effector  present;  A  3  mM  AMP;  I  3  mM  ADP;  •  3  mM 
ATP. 

in  Figs.  5-7.  It  is  apparent  that  the  inhibitory  patterns  are  similar  to 
that  given  by  the  adenosine  nucleotide  family.  In  each  case,  the  mono¬ 
phosphates  are  almost  totally  ineffective  as  inhibitors  of  LA. 

The  inhibition  data  are  indicative  of  the  type  of  inhibition  given  by 
reversible,  negative  allosteric  effectors,  but  the  data  do  not  preclude  the 
possibility  of  chemical  modification  occurring  rather  than  reversible 
inhibition.  To  test  this  possibility,  UTP  was  used  in  an  experiment  as 
a  typical  representative  of  the  nucleoside  triphosphates  studied  thus 
far.  In  Table  3,  the  data  indicate  that  there  is  little  difference  in  the 
L-asparaginase  activity  resulting  from  cell  extracts  preincubated  with 
high  levels  of  UTP  (Group  A),  as  compared  with  the  activity  from 
extracts  to  which  UTP  (at  lower  levels)  was  added  at  the  time  of  the 
assay  (Group  B).  It  was  reasoned  that  preincubation  of  the  extract  with 


96 


THE  TEXAS  JOURNAL  OF  SCIENCE 


L- Asparagine,  mM 


Figure  5.  Effects  of  the  guanosine  nucleotides  on  the  L-Asparaginase  activity  from  Lac¬ 
tobacillus  plantarum.  Conditions  are  as  found  in  Figure  4.  •  No  Effector 
present;  A  3  mM  GMP;  ■  3  mM  GDP;  O  3  mM  GTP. 

a  high  level  of  a  potential  chemical  modifier  (UTP)  would  effect  a 
greater  inhibiton,  after  dilution  for  assay  of  enzyme  activity,  than 
would  occur  if  a  reversible  inhibitor  (UTP),  at  lower  concentrations, 
were  present  only  during  the  enzyme  assay.  This  would  be  true,  of 
course,  only  if  irreversible  chemical  modification  of  the  enzyme  were 
operative.  The  negligible  difference  in  activities  between  the  2  groups 
indicates  the  inhibition  by  nucleoside  triphosphate  is  reversible  in 
nature. 


DISCUSSION 

It  should  be  noted  that,  while  the  evidence  presented  here  is  consist¬ 
ent  with  the  characteristics  of  an  allosteric  enzyme,  other  explanations 
are  possible  for  the  sigmoid  shape  of  the  velocity  versus  substrate 
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L-Asparagine^mM 

Figure  6.  Effects  of  the  uridine  nucleotides  on  the  L-Asparaginase  activity  from  Lactoba¬ 
cillus  plantarum.  Conditions  are  as  found  in  Figure  4.  •  No  effector  present; 
A  3  mM  UMP;  H  3  mM  UDP;  O  3  mM  UTP. 

curves  when  working  with  an  unpurified  enzyme.  At  low  substrat  lev¬ 
els,  other  enzyme  processes  that  decrease  the  amount  of  substrate  avail¬ 
able  for  conversion  to  product  by  LA,  or  that  deplete  the  amount  of 
product  accumulated  (free  ammonia)  by  LA,  could  also  produce  a  sig¬ 
moidal  response.  Enzymes  such  as  asparagine-specific  «-ami  no- 
transferase  (2.6. 1.14),  asparaginyl  tRNA  synthetase  (6.1.1.12),  and  car¬ 
bamate  kinase  (2. 7.2.2)  are  reasonable  examples.  In  the  first  case, 
significant  depletion  of  L-asparagine  by  an  asparagine-specific  a- 
aminotransferase  would  require  the  presence  of  unrealistically  high 
levels  of  specific  a-ketoacids  in  the  bacterial  extract  (Meister  and 
Frazer,  1954).  The  latter  2  enzymes  require  ATP,  in  addition  to  other 
substrates  for  activity.  In  the  present  study,  however,  a  sigmoid 
response  for  LA  activity  was  shown  in  the  absence  of  ATP  as  well  as 
in  the  presence  of  ATP  and  other  nucleoside  triphosphates.  Further¬ 
more,  considering  the  usual  fates  of  L-asparagine,  the  conversion  into 
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Figure  7.  Effects  of  the  cytidine  nucleotides  on  the  L-Asparaginase  activity  from  Lacto¬ 
bacillus  plantarum.  Conditions  are  as  found  in  Figure  4.  O  No  effector  pres¬ 
ent;  A3  mM  CMP;  ■  3  mM  CDP;  •  3  mM  CTP. 

L-aspartate  and  incorporation  into  protein,  and  the  conditions  of  the 
assay  (see  Experimental  Methods),  it  is  reasonable  to  assume  that  these 
other  factors  are  not  operative. 

It  would  now  appear  that,  in  the  regulation  of  the  aspartate-aspara¬ 
gine  interconversions  in  l  plantarum,  asparagine  plays  a  central  role. 
Thus,  in  the  direction  of  asparagine  synthesis,  asparagine  represses 
formation  of  asparagine  synthetase  and  also  inhibits  the  activity  of  the 
sam  enzyme  (Ravel,  et  al,  1962;  Norton  and  Chen,  1969).  Further,  in 
the  direction  of  deamidation  to  aspartate,  the  authors  have  found  that 
asparagine  induces  the  synthesis  of  LA  and  also  serves  as  a  positive 
homotropic  effector  of  this  enzyme.  Further  regulation,  which  pre¬ 
cludes  the  operation  of  a  futile  cycle  in  which  ATP  would  be  waste- 
fully  hydrolyzed,  is  provided  by  the  negative  homotropic  effectors, 
ATP,  and  other  ribonucleoside  triphosphates.  These  findings  are  in 
contrast  to  the  regulatory  processes  for  the  glutamate  glutamine  inter- 
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TABLE  3 

Effects  of  Preincubation  of  Extracts  from  Lactobacillus  plantarum  with  UTP1 


Preincubation  of 

UTP  Present 

Activity 

Percent 

Cell  Extract 

in  Assay 

(IU) 

Inhibition 

Control — No  UTP 

No  UTP 

0.057 

0 

Group  A — 10  mM  UTP 

1  mM  UTP 

0.040 

30 

2  mM  UTP 

0.026 

54 

3  mM  UTP 

0.025 

56 

Group  B— No  UTP 

1  mM  UTP 

0.042 

26 

2  mM  UTP 

0.027 

53 

3  mM  UTP 

0.024 

58 

‘Protein  concentrations  of  Groups  A  and  B  were  identical  during  preincubation.  Both 
groups  were  preincubated  for  30  min  at  30  C.  The  control  came  from  Group  B.  Enzyme 
reaction  time  (asparagine  present)  was  20  min  at  30  C.  The  volume  of  the  bacterial 
extract  for  Group  A  was  varied  in  the  enzymatic  assay  to  obtain  the  desired  UTP  con¬ 
centrations.  Differences  in  the  protein  concentrations  were  corrected  by  use  of  approp¬ 
riate  volumes  for  the  color  assay.  One  IU  is  defined  in  terms  of  ^moles  of  ammonia 
produced  per  minute  at  30  C. 


conversions  in  E.  coli  (Prusiner  and  Stadtman,  1971),  where  chemical 
modification  of  the  responsible  enzymes  is  operative. 

The  inhibition  of  LA  by  the  adenosine,  guanosine,  uridine,  and  cyt- 
idine  families  of  nucleotides  all  appear  to  be  cooperative  in  nature  and 
of  the  type  exhibited  by  many  allosteric  enzymes.  The  inhibition  by 
these  nucleotides  is  overcome  by  high  levels  of  substrate.  It  is  probable 
that  in  vivo  only  ATP,  among  all  the  ribonucleoside  triphosphates, 
would  exert  effective  regulation  on  LA  activity;  ATP  alone  is  normally 
present  in  the  1-10  mM  concentration  range  in  bacterial  cells  (Forrest, 
1965).  The  findings  of  this  study  have  not  been  previously  reported  for 
bacterial  L-asparaginase.  In  all  instances,  the  degree  of  inhibition  is 
related  to  the  level  of  phosphorylation  of  the  nucleoside.  This  relation¬ 
ship  seems  to  indicate  that,  not  only  can  nucleoside  triphosphates  serve 
to  regulate  an  apparent  futile  cycle  of  aspartate-asparagine  interconver¬ 
sions,  but  would  also  indicate  that  the  energy  charge  of  the  cell  is  an 
important  determinant.  While  this  relationship  is  unclear  based  on 
what  is  currently  known  about  energy  production  in  L.  plantarum 
(Oxenburgh  and  Snaswell,  1965),  it  may  be  rationalized  that  this  sys¬ 
tem  of  controls  is  a  holdover  from  a  time  when  L.  plantarum  relied  on 
other  mechanisms  for  energy  production.  If  at  one  stage  of  L.  planta¬ 
rum  evolution,  energy  was  derived  aerobically  from  the  tricarboxycylic 
acid  (TCA)  cycle,  then  the  LA-AS  system  could  be  tied  into  the  TCA 
cycle  by  making  additional  aspartate  available  for  energy  production 
when  the  supply  of  ATP  was  low.  This  hypothesis  is  that  L.  planta¬ 
rum  may  have  exchanged  biochemical  diversity  and  nutritional  inde- 
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pendence  for  a  set  of  new  properties  that  have  enabled  it  to  live  suc¬ 
cessfully  in  close  association  with  plants,  animals  and  humans. 
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ABSTRACT 

In  the  <2-jum  clay  fraction  derived  from  shale  cuttings  of  the  Midway  and  Wilcox 
Groups  (Upper  Paleocene  and  Lower  Eocene)  collected  from  a  well  on  the  Texas  Gulf 
Coast,  fixed  ammonium-nitrogen  increases  with  depth  along  with  potassium.  This 
increase  likely  results  from  the  incorporation  of  ammonium  in  illite  as  it  is  formed  from 
smectite.  The  source  of  the  ammonium  is  not  organic  matter  in  the  depth  interval  in 
which  the  clay  transition  is  occurring,  but  rather  it  probably  is  derived  from  silicate 
minerals  and  organic  matter  by  thermal  metamorphism  at  greater  depth. 

INTRODUCTION 

Fixed  ammonium,  that  which  cannot  be  displaced  by  1  N  KC1  solu¬ 
tion,  occurs  in  igneous,  sedimentary,  and  metamorphic  rocks  (Steven¬ 
son,  1962).  Because  ammonium  and  potassium  have  the  same  ionic 
charge  and  about  the  same  ionic  radii,  fixed  ammonium  commonly 
proxies  for  potassium  within  the  crystal  structures  of  potassium-rich 
silicate  minerals.  Consistent  with  this,  Stevenson  and  Dhariwal  (1959) 
observed  that  fixed  ammonium  in  clay  minerals  increases  as  the  potas¬ 
sium  content  increases,  i.e.,  kaolinite  <  smectite  <  illite. 

The  extent  to  which  ammonium  substitutes  for  potassium  should 
reflect  the  relative  availability  of  these  ions  during  mineral  genesis.  For 
example,  Itihara  and  Honma  (1979)  proposed  that  the  wide  variation 
in  the  ammonium  content  of  biotite  from  igneous  and  metamorphic 
rocks  of  Japan  depended  upon  the  richness  of  the  ammonium  sources. 
They  suggested  that  the  relatively  high  ammonium  content  in  migmat- 
ites  originated  from  an  ammonium-rich  metamorphic  fluid  or  anatec- 
tic  magma,  whereas,  the  lower  concentrations  of  ammonium  in  some 
granites  resulted  from  interaction  of  granitic  magma  and  organic  mat¬ 
ter  present  in  surrounding  sedimentary  rocks.  Finally,  they  noted  that 
the  ammonium  content  of  granitic  rocks  in  non-metamorphic  terranes 
was  very  low. 
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During  deep  burial  of  shales,  clay  diagenesis  results  in  the  formation 
of  new  potassium-containing  minerals.  These  new  minerals  result  from 
the  alteration  of  randomly  interstratified  mixed-layer  illite/smectite, 
with  about  20%  illite,  to  clays  containing  up  to  80%  ordered  illite  layers 
(Hower,  et  ai,  1976).  This  transformation  is  of  particular  interest  to 
petroleum  geologists  because  it  occurs  in  about  the  depth  interval  in 
which  petroleum  generation  begins  (Cassou,  et  ai,  1977).  Stevenson 
(1960)  proposed  that  ammonia  is  a  co-product  of  petroleum  generation; 
thus,  the  new  illite  layers  might  trap  ammonia  (as  ammonium)  and 
thereby  provide  evidence  for  petroleum  generation.  To  test  this 
hypothesis,  potassium  and  fixed  ammonium-nitrogen  contents  of  the 
<2— /urn  clay  fraction  and  organic  carbon  (organic  C),  total  nitrogen 
(total  N),  fixed  ammonium-nitrogen  (fixed  NHj- N),  exchangeable 
ammonium-nitrogen  (exchangeable  NH4— N),  and  organic  nitrogen 
(organic  N)  contents  of  whole-rock  samples  were  measured  on  shale 
cuttings  from  a  deep  well. 

MATERIALS  AND  METHODS 


Samples 

Fourteen  samples  of  shale  cuttings  from  the  Midway  and  Wilcox 
Groups  (Upper  Paleocene  and  Lower  Eocene)  were  obtained  from  a 
depth  interval  of  2527  -  4859  m  in  a  well  drilled  in  Colorado  County 
on  the  Texas  Gulf  Coast.  The  samples  are  lithologically  similar  except 
for  the  sample  from  4390  m  which  contains  quartz  pebbles.  The 
<2~ /um  clay-size  fraction  was  separated  from  the  disaggregated  shale 
by  the  differential  sedimentation  method  described  by  Day  (1965). 

Organic  C 

After  inorganic  C  had  been  removed  from  a  sample  by  treatment 
with  HC1,  organic  C  was  determined  by  measuring  the  CO2  evolved 
from  the  sample  during  combustion  in  a  LECO  WR-12  Carbon  Ana¬ 
lyzer. 

Total  N,  Fixed  NH\—  N,  and  Exchangeable  NH4- N 
The  various  forms  of  nitrogen  were  determined  by  the  methods  of 
Stevenson  and  Cheng  (1972)- except  that  in  the  last  step  ammonia  was 
determined  by  distillation  into  boric  acid-indicator  solution  and  titra¬ 
tion  with  standard  sulfuric  acid  (Bremner,  1965). 

Fixed  Potassium  in  the  Clay-Size  Fraction 

Fixed  potassium  was  determined  on  samples  of  clay  fractions  from 
which  adsorbed  potassium  had  been  extracted  with  1  N  NH4CI.  The 
silicate  matrix  of  the  clay-size  fraction  was  broken  down  with  HF,  and 
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TABLE  1 

Potassium  and  Fixed  NH^- N  in  the  <2— yum  Fraction 
of  Shales  From  the  Midway  and  Wilcox  Groups1 


Depth 

(m) 

K2O 

(%)2 

Fixed  NH)  -N 
(ppm)3 

K+  Sites  Occupied 
by  NHJ  (%)4 

2527 

2.85 

323 

3.65 

2841 

2.90 

299 

3.36 

3320 

3.36 

342 

3.31 

3552 

3.42 

312 

2.98 

3800 

3.83 

513 

4.31 

3885 

3.40 

467 

4.41 

3961 

3.57 

448 

4.05 

4065 

4.10 

757 

5.84 

4159 

4.00 

852 

6.68 

4206 

4.06 

898 

6.92 

4244 

4.59 

894 

6.14 

4390 

4.16 

770 

5.86 

4550 

4.51 

965 

6.71 

4859 

3.26 

523 

5.11 

•Standard  deviations  used  to  estimate  analytical  precision  are  based  on  replicate  analyses 
of  all  samples  and  are  calculated  according  to  the  method  of  Youden  (1951). 

2Standard  deviation  is  estimated  to  be  0.13%. 

Standard  deviation  is  estimated  to  be  58  ppm. 

4NHl  (NII4  +  K+)  X  100.  Calculations  are  on  a  molar  basis. 

the  potassium  which  was  released  was  determined  by  using  a  Perkin- 
Elmer  Model  403  Atomic  Absorbtion  Spectrometer. 


RESULTS 

The  similarity  of  lithology  and  color  among  the  shale  samples  sug¬ 
gests  that  the  chemical  and  mineralogical  compositions  of  the  sedi¬ 
ments  throughout  the  study  interval  were  uniform  during  the  time  of 
deposition.  Although  this  assumption  may  not  be  totally  valid,  it  pro¬ 
vides  a  basis  for  assessing  the  effects  of  burial  diagenesis.  Thus,  differ¬ 
ences  in  mean  values  of  the  chemical  parameters  between  the  shallower 
seven  and  the  deeper  seven  samples  are  considered  to  be  a  consequence 
of  differential  burial.  Analyses  of  the  <2— yarn  clay  fractions  are  pres¬ 
ented  in  Table  1  and  of  the  whole-rock  samples  in  Table  2. 

The  Mann-Whitney  U-test  provides  a  technique  for  establishing 
whether  mean  values  of  the  parameters  measured  are  significantly 
greater  for  the  7  deeper  samples  than  for  the  7  shallower  samples 
(Sokal  and  Rohlf,  1973).  The  critical  U  value  (a  =  0.05)  for  a  one- 
tailed  test  of  2  sets  of  7  samples  each  is  38.  Thus,  in  this  study,  mean 
values  are  considered  greater  for  the  deeper  samples  if  the  calculated  U 
value  is  greater  than  38.  Conversely,  values  are  considered  to  be  the 
same  if  the  U  value  is  less  than  or  equal  to  38.  As  shown  in  Table  3, 
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TABLE  2 

Carbon  and  Nitrogen  in  Whole-Rock  Samples  of 
Shales  From  the  Midway  and  Wilcox  Groups1 


Depth 

(m) 

Organic  C 
(%) 

Total  N 
(ppm)2 

Fixed  NH; 
(ppm)3 

— N  Exchangeable 
NHl-N  (ppm)4 

Organic  N 
(ppm) 

Organic  C 
Organic  N 

2527 

1.29 

555 

227 

9 

269 

48.0 

2841 

1.47 

626 

349 

9 

268 

54.9 

3320 

1.18 

495 

247 

3 

245 

48.2 

3552 

1.30 

472 

313 

7 

152 

85.5 

3800 

1.75 

1008 

474 

23 

511 

34.2 

3885 

1.73 

718 

447 

22 

249 

69.5 

3961 

1.99 

797 

476 

13 

308 

64.6 

4065 

1.70 

936 

721 

24 

191 

89.0 

4159 

1.57 

1095 

787 

47 

261 

60.2 

4206 

1.60 

1128 

727 

36 

365 

43.8 

4244 

1.71 

1135 

806 

35 

294 

58.2 

4390 

1.46 

844 

598 

54 

192 

76.0 

4550 

1.62 

1149 

808 

34 

307 

52.8 

4859 

1.74 

1159 

780 

19 

360 

48.3 

'Standard  deviations  used  to  estimate  analytical  precision  are  based  on  replicate  analyses 
of  all  samples  and  are  calculated  according  to  the  method  of  Youden  (1951). 

2Standard  deviation  is  estimated  to  be  76  ppm. 

3Standard  deviation  is  estimated  to  be  50  ppm. 

Standard  deviation  is  estimated  to  be  10  ppm. 


mean  values  for  the  deeper  samples  are  significantly  greater  for  the  fol¬ 
lowing  parameters:  (1)  in  the  clay  fraction,  fixed  K2O,  fixed  NH^- N, 
and  K+  sites  occupied  by  NHj- N;  (2)  in  the  whole-rock  samples,  total 
N,  fixed  NHj-N,  and  exchangeable  NHj-N.  There  is  no  statistically 
significant  difference  in  organic  C,  organic  N,  and  the  ratio  of  organic 
C  to  organic  N  for  the  whole-rock  samples. 

DISCUSSION 

In  previous  studies  of  Gulf  Coast  wells,  Perry  and  Hower  (1970), 
Weaver  and  Beck  (1971),  and  Hower,  et  al.  (1976)  found  that  the  potas¬ 
sium  content  of  the  clay  fraction  increases  as  smectite  layers  of  mixed- 
layer  illite/smectite  transform  into  illite  layers  during  progressive  dia¬ 
genesis.  Table  1  shows  that  in  shale  samples  from  a  well  in  the  same 
region  the  potassium  and  ammonium  contents  of  the  <2~ gm  fractions 
increase  with  depth,  and  Fig.  1  shows  a  close  correlation  (r  =  0.91) 
between  them.  Data  provided  by  Mobil  Research  and  Development 
Corporation  show  that  the  percentage  of  illite  layers  in  mixed-layer 
illite/smectite  increases  with  depth  as  follows:  2713  m,  45%;  3627  m, 
48%;  3923  m,  60%;  4103  m,  75%;  and  5466  m,  75%.  Thus,  the  increases 
in  potassium  and  ammonium  in  the  clay  fraction  accompany  the  for¬ 
mation  of  new  illite  layers.  The  general  increase  with  depth  in  percen- 
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TABLE  3 

Mann-Whitney  U-Test  of  Parameters  Characterizing 
the  Shallower  Seven  and  the  Deeper  Seven  Samples 
of  Shales  From  the  Midway  and  Wilcox  Groups 


Mean  Values 

Parameter 

Shallower 

Deeper 

U1 

<2— fim  fraction 

K2O  content  (%) 

3.33 

4.10 

422 

Fixed  NH4  —  N  (ppm) 

386. 

808. 

492 

K+  sites  occupied  by  NHj  (%) 
Whole-rock  samples 

3.72 

6.18 

492 

Organic  C  (%) 

1.53 

1.63 

283 

Total  N  (ppm) 

667. 

1064. 

472 

Fixed  NH4— N  (ppm) 

369. 

747. 

492 

Exchangeable  NH4  — N  (ppm) 

12. 

36. 

472 

Organic  N  (ppm) 

286. 

281. 

273 

Organic  C/Organic  N 

57.8 

61.2 

283 

'Man- Whitney  statistic.  The  critical  value  for  a  =  0.05  is  38. 

Statistically  significant  difference  in  mean  values  of  shallower  and  deeper  samples. 
3Mean  values  of  shallower  and  deeper  samples  cannot  be  distinguished. 


tage  of  potassium  sites  occupied  by  ammonium  (Table  1)  suggests  that 
ammonium  was  relatively  more  available  to  the  newly-formed  illite 
layers  than  to  the  pre-existing,  unaltered  clay  minerals  at  the  time  of 
their  genesis.  As  with  all  geological  systems,  samples  occur  with  values 
that  do  not  fit  the  trend,  perhaps  because  of  differences  in  conditions 
of  sedimentation. 

Analyses  of  the  whole-rock  samples  show  that  although  total  N  and 
fixed  NHl  — N  increase  with  depth  through  the  interval  studied, 
organic  N,  which  is  defined  as  the  difference  between  total  N  and 
inorganic  N  (fixed  NHj-N  plus  exchangeable  NHj- N),  does  not  vary 
significantly  (Tables  2,  3,  Fig.  2).  The  absence  of  significant  change  in 
organic  C  and  in  the  ratio  of  organic  C  to  organic  N  suggests  that  the 
amount  and  type  of  organic  matter  deposited  over  the  study  interval 
varied  little. 

A  basic  premise  of  this  study  is  that  ammonia  is  released  from 
organic  matter  along  with  petroleum-like  hydrocarbons  (Stevenson, 
1960)  in  about  the  same  depth  interval  as  that  in  which  the  smectite  to 
illite  transition  occurs  (Cassou,  et  al.,  1977)  and,  under  these  circum¬ 
stances,  ammonia  is  incorporated  (as  NH4 — N)  in  newly-formed  illite 
layers.  Table  2  and  Fig.  2  show  that  the  amount  of  organic  N  in  the 
shallower,  and  therefore  less  altered,  samples  (mean  =  286  ppm)  is 
inadequate  to  account  for  an  increase  of  378  ppm  in  fixed  NHj— N 
from  the  shallower  to  the  deeper  samples.  In  addition,  there  is  no  sig¬ 
nificant  change  in  organic  N  or  in  the  organic  C  to  organic  N  ratio. 


108 


THE  TEXAS  JOURNAL  OF  SCIENCE 


Figure  1.  The  relationship  between  fixed  NH4— N  and  K+  in  the  <2— Aim  clay  fractions 
of  shales  from  the  Midway  and  Wilcox  Groups. 


Thus,  the  premise  cannot  be  valid,  and  another  source  of  ammonium 
must  be  considered. 

Perry  and  Hower  (1970)  and  Hower,  et  al.  (1976)  accounted  for  the 
enhanced  potassium  content  of  the  clay  fraction  by  losses  from  detrital 
mica  and  feldspar  within  the  interval  in  which  illite  layers  formed.  On 
the  other  hand,  Weaver  and  Beck  (1971)  suggested  that  at  least  some  of 
the  potassium  in  newly-formed  illite  layers  “may  have  migrated 
upward  from  the  interval  where  granitization  was  taking  place.”  Sim¬ 
ilarly,  the  authors  believe  that  ammonium  released  by  higher  tempera¬ 
ture  processes  at  greater  depth  migrated  upward  into  the  zone  where  it 
was  incorporated  into  clay  minerals. 

Thermal  metamorphism  at  great  depth  of  ammonium-containing 
minerals,  including  illite  formed  from  smectite  during  subsidence,  is  a 
possible  source  of  ammonium.  According  to  Price  (1976),  temperatures 
greater  than  260  C  have  been  recorded  at  a  depth  of  8  km  in  sediments 
along  the  Gulf  Coast.  If  a  temperature  gradient  of  3  C/100  m  is 
assumed,  the  temperature  at  a  depth  of  12  km  would  be  380  C. 
Although  Hallam  and  Eugster  (1976)  concluded  that  ammonium 
would  be  released  from  ammonium-bearing  silicates  by  thermal 
metamorphism  only  above  600  C,  Ellis  and  Mahon  (1964)  found,  in 
laboratory  studies,  that  ammonium  is  extracted  from  igneous  rocks  and 
graywacke  by  liquid  water  under  high  pressure  at  temperatures  as  low 
as  180  C.  They  suggested  that  ammonium  found  in  springs  in 
hydrothermal  areas  of  New  Zealand  resulted  from  the  interaction  of  hot 
water  with  rocks  of  these  same  types  in  reservoirs  at  temperatures  up  to 
250-300  C.  If  fixed  NHj- N  at  the  concentration  levels  found  in  the 
present  study  were  released  at  greater  depth  and  transported  upward. 
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Figure  2.  Variation  with  depth  of  total  N,  fixed  NHl- N,  and  organic  N  in  whole-rock 
samples  of  shales  from  the  Midway  and  Wilcox  Groups. 

abundant  ammonium  would  be  available  for  the  observed  enhance¬ 
ment.  An  untested  corollary  of  this  model  is  that  the  concentration  of 
fixed  NHj- N  in  a  sedimentary  section  would  be  greatest  in  the  inter¬ 
val  between  the  depth  where  ammonium  incorporation  becomes 
important  and  that  at  which  silicate  minerals  begin  to  lose  nitrogen 
because  of  thermal  metamorphism. 

Thermal  alteration  of  organic  matter  in  deeply  buried  sediments  also 
could  be  a  source  of  ammonium.  According  to  Tissot  and  Welte  (1978), 
most  of  the  organic  N  in  sediments  is  labile  and  is  lost  to  pore  water 
in  the  first  few  meters  of  burial.  That  some  of  the  remaining  nitrogen 
can  be  lost  below  3500  m  is  reflected  in  an  increase  in  the  organic  C  to 
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organic  N  ratio  beginning  at  about  that  depth  in  some  wells  (Waples, 
1977).  Even  after  high  temperature  pyrolysis,  a  significant  proportion 
of  nitrogen  remains  in  the  condensed  graphite-like  carbon  residue  (Tis- 
sot  and  Welte,  1978).  Nevertheless,  some  of  the  organic  N  which  sur¬ 
vives  burial  below  the  interval  studied  here  may  be  released  during 
intense  thermal  alteration  at  greater  depths. 

CONCLUSIONS 

1.  The  nitrogen  content  of  shale  sections  of  a  well  on  the  Texas  Gulf 
Coast  increases  along  with  the  potassium  content  of  the  <2 —fim 
clay  fraction. 

2.  The  increase  can  be  accounted  for  as  fixed  NHj-N  in  the  clay  frac¬ 
tion. 

3.  Organic  N  from  the  same  depth  interval  did  not  change  and,  there¬ 
fore,  did  not  serve  as  the  source  of  the  fixed  NHj- N  added  to  the 
clay. 

4.  The  additional  nitrogen  probably  was  released  at  greater  depth  dur¬ 
ing  thermal  metamorphism  of  silicate  minerals  and  organic  matter 
and  migrated  upward  (as  ammonia  or  ammonium)  to  where  it  was 
incorporated  into  illite  layers  as  they  were  formed  from  smectite. 

ACKNOWLEDGMENTS 

We  thank  Mobil  Research  and  Development  Corporation  for  provid¬ 
ing  samples  and  clay  mineral  alteration  data  and  gratefully  acknowl¬ 
edge  assistance  with  organic  carbon  analyses  by  Core  Laboratories,  Inc. 

LITERATURE  CITED 

Bremner,  J.  M.,  1965 — Inorganic  forms  of  nitrogen.  In  C.  A.  Black  (Ed.),  Methods  of  Soil 
Analysis,  Part  2.  Amer.  Soc.  Agronomy,  Madison,  WI,  pp.  1179-1237. 

Cassou,  A.  M.,  J.  Connan,  and  P.  Porthault,  1977 — Relations  between  maturation  of 
organic  matter  and  geothermal  effect,  as  exemplified  in  Canadian  east  coast  offshore 
wells.  Bull.  Can.  Petrol.  Geol,  25:174. 

Day,  P.  R.,  1965 — Particle  fractionation  and  particle-size  analysis.  In  C.  A.  Black  (Ed.), 
Methods  of  Soil  Analysis,  Part  1.  Amer.  Soc.  Agronomy,  Madison,  WI,  pp.  545-567. 

Ellis,  A.  J.,  and  W.  A.  J.  Mahon,  1964 — Natural  hydrothermal  hot-water  rock  interac¬ 
tions.  Geochim.  Cosmochim.  Acta,  28:1323. 

Hallam,  M.,  and  H.  P.  Eugster,  1976 — Ammonium  silicate  stability  relations.  Contnb. 
Mineral.  Petrol.,  57:227. 

Hower,  J.,  E.  V.  Eslinger,  M.  E.  Hower,  and  E.  A.  Perry,  1976 — Mechanism  of  burial 
metamorphism  of  argillaceous  sediment:  1.  Mineralogical  and  chemical  evidence. 
Geol.  Soc.  Amer.  Bull.,  87:725. 


FIXED  AMMONIUM-NITROGEN  AND  POTASSIUM 


111 


Itihara,  Y.,  and  H.  Honma,  1979 — Ammonium  in  biotite  from  metamorphic  and  granitic 
rocks  of  Japan.  Geochim.  Cosmochim.  Acta,  43:503. 

Perry,  E.,  and  J.  Hower,  1970 — Burial  diagenesis  in  Gulf  Coast  pelitic  sediments.  Clays 
and  Clay  Minerals,  18:165. 

Price,  L.  C.,  1976 — Aqueous  solubility  of  petroleum  as  applied  to  its  origin  and  primary 
migration.  Amer.  Assoc.  Petrol.  Geol.  Bull.,  60:213. 

Sokal,  R.  R.,  and  F.  J.  Rohlf,  1973 — Introduction  to  Biostatistics.  Freeman,  San  Fran¬ 
cisco,  CA,  pp.  217-220. 

Stevenson,  F.  J.,  1960 — Nitrogenous  constituents  of  some  Paleozoic  shales.  Amer.  Assoc. 
Petrol.  Geol.  Bull.,  44:1257. 

Stevenson,  F.  J.,  1962— Chemical  state  of  the  nitrogen  in  rocks.  Geochim.  Cosmochim. 
Acta,  26:797. 

Stevenson,  F.  J.,  and  C.-N.  Cheng,  1972 — Organic  geochemistry  of  the  Argentine  Basin 
sediments:  Carbon-nitrogen  relationships  and  Quaternary  correlations.  Geochim. 
Cosmochim.  Acta,  36:653. 

Stevenson,  F.  J.,  and  A.  P.  S.  Dhariwal,  1959 — Distribution  of  fixed  ammonium  in  soils. 
Soil  Sci.  Soc.  Proc.,  23:121. 

Tissot,  B.  P.,  and  D.  H.  Welte,  1978 — Petroleum  Formation  and  Occurrence.  Springer- 
Verlag,  Berlin,  p.  86. 

Waples,  D.  W.,  1977 — C/N  ratios  in  source  rock  studies.  Colo.  School  of  Mines,  Mineral 
Ind.  Bull.,  20:1. 

Weaver,  C.  E.,  and  K.  C.  Beck,  1971— Clay-water  diagenesis  during  burial:  How  mud 
becomes  gneiss.  Geol.  Soc.  Amer.  Spec.  Paper  134,  p.  1. 

Youden,  W.  J.,  1951 — Statistical  Methods  for  Chemists.  Wiley,  New  York,  N.  Y,  pp.  15- 
17. 


. 


EFFECT  OF  PARATHYROIDECTOMY  ON 
WHITE-TAILED  DEER 


by  ROBERT  D.  BROWN 

Caesar  Kleberg  Wildlife  Research  Institute 
Texas  A  &  I  University 
Kingsville,  TX  78363 

and  ROBERT  L.  COWAN 

Department  of  Dairy  and  Animal  Science 
The  Pennsylvania  State  University 
University  Park,  PA  16802 

and  JOHN  K.  KAVANAUGH 

Department  of  Veterinary  Science, 

The  Pennsylvania  State  University 
University  Park,  PA  16802 

ABSTRACT 

A  one-year  experiment  was  conducted  to  determine  the  role  of  the  parathyroid  gland 
in  the  antler  development  and  feeding  patterns  of  mature  White-tailed  deer  ( Odocoileus 
virginianus).  Two  bucks  were  parathyroidectomized,  and  4  intact  bucks  were  used  as 
controls.  Blood  samples  were  drawn  bi-weekly  and  analyzed  for  calcium,  phosphorus  and 
alkaline  phosphatase.  Changes  in  antler  growth,  pelage,  body  weight  and  feed  consump¬ 
tion  were  recorded.  Over  the  course  of  the  year,  both  groups  of  animals  showed  similar 
patterns  of  feeding  and  growth.  While  the  parathyroidectomized  deer  were  larger  (P<.05) 
than  the  controls,  there  was  no  significant  difference  between  the  groups  in  feed  con¬ 
sumption,  DM  intake,  DDM  intake/EW^,5  or  DE  intake/BWcg.5  There  was  also  not 
noticeable  difference  between  the  groups  in  the  dates  of  antler  rubout,  antler  shedding, 
or  hair  coat  changes.  While  in  the  ablated  animals  blood  phosphorous  levels  were  higher 
(P<.05)  than  the  controls,  there  was  no  significant  difference  between  the  groups  in 
blood  calcium  levels  or  alkaline  phosphatase  activity.  The  antlers  of  the  parathyroidec¬ 
tomized  bucks  were  lower  in  ash  (P<.05)  than  the  control  animals  of  comparable  age.  A 
chelation  experiment  confirmed  the  success  of  the  parathyroidectomy  at  the  end  of  the 
year-long  observation  period.  It  is  suggested  that  the  parathyroid  glands  may  affect  the 
quality  of  the  antlers  of  the  deer,  but  may  not  be  necessary  for  their  growth. 

INTRODUCTION 

The  annual  production  of  antlers  by  male  Cervidae  is  a  unique  phe¬ 
nomenon  of  generation  among  the  vertebrates.  Development  of  these 
appendages  places  severe  demands  on  the  mineral  reserves  of  the  deer’s 
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skeleton.  Extensive  studies  of  this  have  led  many  investigators  to  pro¬ 
pose  the  male  deer  as  a  model  for  the  study  of  human  bone  metabolism 
(Banks,  et  ai,  1968;  Goss,  1970;  Cowan,  1971). 

In  order  to  employ  the  deer  as  such  a  model,  one  must  first  under¬ 
stand  the  endocrine  control  of  antler  growth.  Exhaustive  research  has 
been  done  on  the  hormonal  control  of  antler  growth,  except  as  related 
to  the  parathyroid  gland.  The  few  studies  which  have  been  published 
have  been  cursory  at  best,  and  no  effort  has  been  made  to  determine  the 
role  of  the  parathyroid  gland  in  antlerogenesis. 

Grafflin  (1942)  examined  the  parathyroid  glands  of  deer  histologi¬ 
cally  and  found  no  seasonal  variations.  Munger  and  Roth  (1963)  found 
the  cytology  of  the  deer’s  parathyroid  similar  to  man’s,  but  with  more 
secretory  granules.  Goss  (1963)  injected  lg  doses  of  ox  parathyroid 
extract  semi-weekly  to  bucks  with  hardened  antlers  but  failed  to  induce 
antler  shedding. 

Mazur  (1969)  dissected  a  number  of  male  deer  and  found  accessory 
parathyroid  tissue  in  10%  of  these  animals.  He  also  parathyroidectom- 
ized  one  buck  and  was  able  to  restore  the  subsequent  drop  in  blood 
calcium  levels  by  injecting  parathyroid  extract.  Unfortunately,  this 
animal  did  not  live  long  enough  to  exhibit  the  effects  of  ablation  on 
subsequent  antler  growth. 

This  investigation  was  conducted  to  examine  the  effect  of  ablation  of 
the  parathyroid  gland  on  antler  growth.  Parathryoidectomized  and 
intact  control  animals  were  studied  for  a  full  year.  Data  on  antler 
growth,  feed  consumption,  body  growth,  and  blood  parameters  was 
recorded  over  the  entire  period.  After  the  experiment,  the  success  of  the 
ablation  was  tested  by  a  calcium  chelation  experiment. 

METHODS 

Surgical  ablation  of  the  parathyroid  glands  was  performed  on  2 
mature  male  white-tailed  deer.  Deer  314  was  a  3-yr-old  buck,  and  deer 
470  was  a  2-yr-old  animal.  Successful  ablation  of  the  parathyroid 
glands  was  confirmed  histologically.  Two  intact  3-yr-old  bucks,  deer 
309  and  deer  369,  and  2  intact  yearling  bucks,  deer  501  and  deer  523, 
served  as  controls.  The  year-long  observation  period  began  in  May, 
approximately  6  wk  after  the  ablations. 

All  animals  were  maintained  in  individual  10  X  24  ft  outdoor  pens. 
The  pens  were  partially  covered  and  equpped  with  automatic  waterers. 
A  standard  pelleted  18%  crude  protein  deer  ration  was  fed  ad  libitum. 

Feed  intake  data  was  determined  weekly  and  averaged  for  daily 
values.  Dry  matter  and  gross  energy  determinations  were  conducted  on 
each  new  batch  of  feed  (A.O.A.C.,  1965).  These  values  were  then  cor¬ 
rected  to  Digestible  Dry  Matter  (DDM)  and  Digestible  Energy  (DE)  by 
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using  mean  values  previously  determined  by  digestion  trials  on  the 
same  ration  (Ammann,  et  ai,  1973). 

The  animals  were  weighed  and  blood  samples  were  taken  via  jugular 
venapuncture  bi-weekly.  Serum  calcium  and  phosphorus  levels  were 
determined  on  a  dual  channel  autoanalyzer.  Serum  alkaline  phospha¬ 
tase  activity  was  determined  by  a  commercial  kit  utilizing  a  colorimet¬ 
ric  analysis  (Sigma  Chemical  Co.).  Bi-weekly  body  weight  values  were 
averaged  to  compute  intake  data. 

The  dates  of  velvet  rubout,  antler  shedding,  and  pelage  change  were 
recorded.  Once  shed,  the  antlers  were  recovered  for  ash  determinations. 
Approximately  5  g  samples  were  taken  from  the  top,  middle  and  basal 
thirds  of  each  antler  and  incinerated  at  1000  C  for  48  hr  in  a  muffle 
furnace.  The  6  samples  from  both  antlers  were  averaged  for  compari¬ 
sons  between  animals. 

Weekly  group  means  of  feed  consumption  and  bi-weekly  means  of 
body  weight  and  blood  data  were  treated  statistically  by  analysis  of  var¬ 
iance  (Statistical  Package  Programs,  ANOVES  and  STATSUM,  1972, 
Computation  Center,  Pennsylvania  State  University).  The  treatment 
means  were  compared  by  Duncan’s  Modified  (Bayesian)  Least  Signifi¬ 
cant  Difference  Test  (Statistical  Package  Program,  DLSD,  1970,  Com¬ 
putation  Center,  Pennsylvania  State  University). 

At  the  completion  of  the  year-long  observation  period,  a  chelation 
experiment  was  devised  to  confirm  successful  ablation  of  the  parathy¬ 
roid  glands  in  the  subject  animals.  The  general  procedure  employed 
was  that  used  by  Argenzio,  et  ai,  (1974)  for  horses.  The  experiments 
were  conducted  on  the  2  parathyroidectomized  deer  and  2  normal 
bucks,  deer  369  and  309,  on  separate  days  in  November. 

The  animals  were  taken  off  feed  and  water  the  day  prior  to  the  che¬ 
lation  to  decrease  the  possibility  of  regurgitation  and  inhalation  of 
rumen  contents  while  anesthetized.  On  the  day  of  the  experiment,  the 
animals  were  tranquilized  with  a  combination  of  promazine  and  CI- 
744  (Parke  Davis),  intubated,  and  placed  under  halothane  general  anes¬ 
thesia.  The  jugular  vein  was  catheterized  for  blood  sampling  and  heart 
activity  was  monitored  via  EKG.  The  animal  was  then  infused  with  an 
8%  solution  of  the  tetrasodium  dihydrate  salt  of  enthylenediame  tetraa- 
cetic  acid  (EDTA)  at  a  rate  of  2.15  mg/kg  of  body  weight  for  30  min. 
Blood  samples  were  taken  10  min  prior  to  infusion  and  again  at  the 
start  of  infusion  and  averaged  to  establish  a  baseline.  After  infusion 
was  begun,  blood  was  withdrawn  every  10  min  for  1  hr  and  then  every 
15  min  for  another  3.5  hr.  Plasma  calcium  was  determined  on  an  auto¬ 
analyzer.  Statistical  comparisons  were  limited  to  values  3  hr  post¬ 
infusion  to  avoid  the  complications  of  exchanging  calcium  pools. 
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RESULTS  AND  DISCUSSION 

The  results  of  this  experiment  are  tabulated  in  Table  1.  There  was 
no  difference  (P>  .05)  between  the  control  and  parathyroidectomized 
groups  in  mean  DM  intake  per  day,  daily  DDM  intake/BW'kg,  or  DE 
intake/BWkg.  There  was  also  no  difference  between  groups  in  either 
blood  calcium  or  alkaline  phosphase  values  and  no  seasonal  trend  to 
the  calcium  fluctuations  in  either  group.  In  most  animals  parathyroi¬ 
dectomy  lowers  the  blood  calcium  and  Mazur  (1969)  reported  this  phe¬ 
nomenon  in  his  parathyroidectomized  buck.  The  fact  that  these  deer 
had  normal  blood  calcium  levels  could  have  been  attributed  to  either 
the  presence  of  accessory  parathyroid  tissue,  regeneration  of  the  para¬ 
thyroid  glands  after  incomplete  ablation,  adequacy  of  calcium  absorp¬ 
tion  from  the  diet,  or  other  homeostatic  mechanisms. 

The  blood  phosphorus  level  was  lower  in  the  control  animals  than 
in  the  ablated  group.  Since  the  calcium  levels  of  the  2  groups  were  not 
different,  this  increase  in  the  phosphorus  level  of  the  ablated  bucks 
cannot  be  due  to  a  homeostatic  mechanism  designed  to  maintain  a 
proper  solubility  product.  All  of  the  deer  had  large  biweekly  fluctua¬ 
tions  in  their  phosphorus  levels,  but  there  was  no  trend  to  these  fluc¬ 
tuations. 

The  dates  of  velvet  rubout,  antler  shedding,  and  pelage  changes  are 
listed  in  Table  2.  There  was  no  noticeable  difference  in  these  parame¬ 
ters  between  the  control  and  the  parathyroidectomized  bucks. 

The  ash  values  of  the  antlers  produced  by  both  groups  of  deer  are 
also  listed  in  Table  2.  The  parathyroidectomized  bucks  produced 
antlers  which  were  significantly  lower  in  ash  than  the  two  3-yr-old 
control  deer  but  not  different  (P>.05)  from  the  2  yearling  control  deer. 
Paratyroidectomy  may  have  caused  the  bucks  to  develop  less  dense 
antlers  than  normal  for  deer  their  age. 

Since  these  data  seem  to  indicate  little  effect  of  the  parathyroidec¬ 
tomy  on  antler  growth  or  other  parameters,  an  experiment  was  devised 
to  determine  if  the  parathyroidectomy  was  complete.  The  results  of  the 
experiment  are  tabulated  in  Table  3  and  depicted  in  Fig.  1.  Table  3 
gives  the  actual  plasma  calcium  values  in  mg  calcium/100  ml,  while  in 
Fig.  1  the  values  are  expressed  as  differences  from  the  mean  pre¬ 
infusion  level.  The  infusion  of  EDTA  caused  a  reduction  in  blood  cal¬ 
cium  of  each  animal  of  1. 5-2.0  mg/100  ml  below  the  pre-influsion 
level.  Analysis  of  only  the  values  past  the  180-min  mark  showed  no  dif¬ 
ference  (P>.05)  between  the  responses  in  blood  calcium  of  the  2  control 
animals.  Both  deer  309  and  369  returned  to  —0.10  mg/100  ml  below  the 
pre-infusion  level.  Of  the  parathyroidectomized  animals,  deer  314 
returned  to  —0.80  mg/100  ml  and  deer  470  was  returned  to  —1.20 
mg/100  ml  below  the  pre-infusion  level.  These  animals  were  both  sig- 


TABLE  1 

Weekly  Means  of  Feed  Consumption  Data  and  Bi-weekly  Means  of  Body  Weight  and  Blood  Data  of  4  Control  and  2  Parathyroidectomized 
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TABLE  2 

Antler  Ash  values  and  Antler  and  Pelage  changes  in  Parathyroidectomized  and 
Normal  White-tailed  Deer 


Deer 

Rubout 

Antlers  Shed 

Winter  Coat 

Attained 

Summer  Coat 

Attained 

Percent  Ash 

3 1 4a 

9-10-73 

2-10-74 

9-10-73 

7-10-74 

53.8±0.88b 

470a 

10-1-73 

2-17-74 

10-1-73 

6-29-74 

51.4+1.63 

309 

10-7-73 

2-17-74 

0-10-73 

7-1-74 

58.3+1.91 

369 

8-13-73 

3-6-74 

0-10-73 

7-1-74 

56.8+0.61 

523 

10-5-73 

2-20-74 

10-1-73 

6-25-74 

51.2+0.75 

501 

10-7-73 

2-27-74 

10-16-73 

6-25-74 

51.8+0.48 

3Parathyroidectomized  deer. 

Means  of  samples  from  top,  middle,  and  basal  third  of  antler. 


MINUTES 

Figure  1.  Plasma  calcium  levels  of  normal  (deer  309  and  369)  and  parathyroidectomized 
(deer  314  and  370)  White-tailed  deer  infused  with  8%  EDTA  for  30  min.  at  a 
rate  of  2.16  mg/kg  body  weight/ min. 
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TABLE  3 

Plasma  Calcium  Levels  of  Normal  and  Parathyroidectomized 
White-tailed  Deer  Infused  With  EDTA. 


Time3 

Deer  309 

Deer  369 

Deer  31 4b 

Deer  470b 

-10 

7.3C 

oo 

7.9C 

l.T 

0 

7.3 

7.8 

7.9 

7.7 

+  10 

6.8 

6.7 

6.6 

7.3 

+20 

5.8 

6.0 

6.1 

6.8 

+30d 

5.4 

5.6 

5.7 

6.2 

+40 

6.0 

6.3 

6.4 

6.8 

+50 

6.1 

6.8 

6.7 

7.0 

+60 

6.1 

6.9 

6.8 

7.0 

+75 

6.4 

7.2 

7.1 

6.8 

+90 

6.6 

7.2 

7.1 

6.5 

+  105 

6.7 

7.3 

7.2 

6.5 

+  120 

6.7 

7.4 

7.2 

6.5 

+135 

6.8 

7.4 

7.2 

6.5 

+  150 

7.0 

7.4 

7.1 

6.5 

+  165 

7.1 

7.4 

7.1 

6.5 

+  180 

7.2 

7.5 

7.1 

6.5 

+  195 

6.9 

7.7 

7.1 

6.5 

+210 

7.2 

7.7 

7.1 

6.5 

+225 

7.2 

7.7 

7.1 

6.5 

+240 

7.2 

7.7 

7.1 

6.5 

+255 

7.2 

7.7 

7.1 

6.5 

+270 

7.1 

7.7 

7.1 

6.4 

aMinutes  past  start  of  EDTA  infusion. 
bParathyroidectomized  deer. 
cMg  Calcium  per  100  ml  plasma. 
dEnd  of  30-min  infusion. 


nificantly  below  (P<.05)  the  control  animals  in  their  recovery  from  the 
infused  EDTA,  and  deer  470  was  significantly  below  deer  314. 

While  the  results  of  these  chelation  experiments  do  not  conclusively 
prove  the  absence  of  parathyroid  tissue,  they  are  similar  to  the  results 
found  in  parathyroidectomized  and  normal  dogs  (Sanderson,  et  ai, 
1960).  The  return  of  the  calcium  levels  of  the  parathyroidectomized 
animals  may  be  due  to  homeostatic  mechanisms  other  than  the  para¬ 
thyroid  gland.  While  these  data  are  not  conclusive,  they  indicate  that 
the  parathyroidectomy  was  probably  successful  and  that,  while  the 
parathyroid  may  affect  the  density  of  the  antlers  produced,  the  gland 
may  not  be  necessary  for  antler  growth  or  for  maintenance  of  normal 
plasma  calcium  levels  in  mature  deer. 
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ABSTRACT 

The  cutoff  of  Big  Bend  meander  on  the  Brazos  River  between  Brazos  and  Burleson 
Counties,  Texas  represents  an  example  of  a  neck  cutoff.  Development  of  the  meander 
loop  in  the  65  yr  prior  to  the  1975  cutoff  is  documented  by  maps  and  aerial  photographs. 
The  rate  of  lateral  shifting  of  the  channel  in  the  meander  reach  and  the  narrowing  rate 
of  the  meander  neck  is  computed  and  functionally  related  to  stream  discharge.  The 
actual  cutoff  is  examined  in  terms  of  fluvial  and  mass  wasting  processes  and  a  probable 
sequence  of  geomorphic  events  is  derived. 

INTRODUCTION 

A  most  distinctive  feature  of  floodplains  are  meanders,  arcuate  bends 
or  loops  of  stream  channels.  Meander  development,  cutoff,  and  conver¬ 
sion  into  meander  scars  or  oxbow  lakes  illustrates  the  dynamic  nature 
of  streamflow  in  the  modification  of  alluvial  channels  and  provides 
insights  into  the  relationships  between  form  and  process.  A  meander¬ 
ing  stream  pattern  apparently  manifests  a  basic  aspect  of  fluvial 
mechanics  and  is  related  to  the  energy  distribution  in  channel  flow 
(Ritter,  1978).  A  meander  develops  by  a  process  of  lateral  shifting  of  a 
channel  segment,  which,  through  time,  changes  from  a  sinuous  curve 
into  a  maturely  developed  loop  whose  ends  are  separated  from  each 
other  by  a  narrow  strip  of  land  termed  a  meander  neck  (see  Fig.  1A). 
Breaching  of  the  meander  neck  by  the  channel  marks  the  end  of  the 
complete  cycle  of  meander  development  and  the  beginning  of  the 
development  of  an  oxbow  lake.  Such  a  cutting  through  of  the  meander 
neck  is  a  neck  cutoff,  or  high-angle  cutoff  (Thornbury,  1969),  and 
results  in  a  substantial  shortening  of  the  channel  length.  The  channel 
may  establish  a  shorter  route  across  the  meander  loop  long  before  the 
meander  is  maturely  developed  (see  Fig.  IB).  A  chute  cutoff  flows 
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through  a  slough  or  swale  between  point  bars  of  a  meander  loop 
(Tanner,  1968a).  The  chute  cutoff,  a  low-angle  cutoff  (Thornbury, 
1969),  involves  a  smaller  amount  of  channel  shortening  than  does  the 
neck  cutoff.  In  addition  to  lateral  shifting  of  meander  curves,  the  entire 
meander  may  migrate  downvalley  (Leopold,  et  al,  1964). 

The  cutoff  of  Big  Bend  meander  on  the  Brazos  River,  Brazos  and 
Burleson  Counties,  Texas  (Fig.  2)  in  1975  represents  an  example  of  a 
neck  cutoff.  The  final  stages  in  the  development  of  Big  Bend  meander 
are  well  documented  by  maps  and  aerial  photographs  covering  a 
period  of  65  yr.  This  paper  describes  the  development  and  cutoff  of  Big 
Bend  meander  and  examines  the  functional  relationships  involved. 

MEANDER  DEVELOPMENT 

Development  of  Big  Bend  meander  from  1910-1972  is  illustrated  by 
the  series  of  channel  tracings  extracted  from  a  map  and  4  photos 
shown  in  Fig.  3  at  a  common  scale.  Channel  tracings  from  the  photos 
represent  the  position  of  the  waterline.  Variations  of  channel  width 
reflect  different  discharge  amounts  on  the  dates  when  the  respective 
photos  were  taken.  For  example,  the  1940  photo  was  taken  on  April  14 
when  discharge  was  78.4  mVsec  (2,770  ft3/sec);  discharge  on  10  January 
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1951  was  8.5  m3/sec  (300  cfs).2  Nearly  all  of  the  width  variation  that 
results  from  discharge  variation  affects  the  position  of  the  inside  (con¬ 
vex)  waterline  of  the  channel  where  the  bank  is  a  gently  sloping  sur¬ 
face  on  point  bar  deposits.  The  outside  (concave)  bank  is  the  steep, 
nearly  vertical  cutbank.  Variations  in  discharge  have  negligible  effect, 
at  this  scale,  upon  the  planimetry  of  the  concave  waterline.  Thus,  any 
changes  in  the  position  of  the  concave  bank  from  one  photo  to  another 
results  from  lateral  shifting  of  the  channel  and  not  from  variation  in 
discharge.  Photogrammetric  measurements  of  lateral  shifting  of  the 
channel  were  made  at  points  at  the  outside  of  curves  or  bends. 

Different  segments  of  the  meander  loop  experienced  different 
amounts  of  lateral  shifting.  Fig.  3F  depicts,  in  superposition,  the 

2These  data  are  discharges  at  U.S.  Geological  Survey  gaging  station  08109000  near  Bryan, 

Texas;  located  about  37  km  (23  mi)  upstream  from  Big  Bend  meander.  Only  small  trib¬ 
utaries  enter  the  Brazos  River  between  the  gaging  station  and  the  meander,  so  it  is 
assumed  that  the  discharge  is  very  similar  at  both  locations. 
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channel  locations  in  1910,  1940,  and  1972.  A  central  part  of  the 
meander  loop  and  the  downstream  bend  at  the  meander  neck  each 
shifted  about  0.4  km  (0.25  mi).  However,  the  former  moved  in  a  down- 
valley  direction  (southward)  while  the  latter  moved  upvalley.  Slowing 
of  the  downvalley  migration  rate  of  the  downstream  bend  of  the 
meander  loop  so  that  the  upstream  bend  can  overtake  it  is  considered 
to  be  one  process  involved  in  a  neck  cutoff.  (Tanner,  1968b).  However, 
the  development  of  Big  Bend  meander  illustrates  that  the  most  active 
part  of  the  meander  loop  involved  in  the  narrowing  of  the  meander 
neck  was  the  downstream,  rather  than  the  upstream,  bend.  This  appar¬ 
ent  anomalous  occurrence  is  compounded  by  analysis  of  that  part  of 
the  meander  where  the  channel  has  shifted  against  the  bedrock  bluffs 
of  the  valley  (see  Fig.  3).  Downstream  from  the  point  at  which  the 
channel  swings  to  the  south,  the  meander  is  “tied”  to  the  valley  bluffs 
and  further  movement  eastward  is  prevented.  Therefore,  it  seems  logi¬ 
cal  that  the  bend  upstream  from  the  bedrock  bank,  where  the  channel 
is  flowing  in  unconsolidated  material,  should  have  been  relatively  free 
to  shift  and  to  narrow  the  meander  neck.  Examination  of  channel  scars 
on  aerial  photos  suggests  that  the  upstream  bend  did  shift  towards  the 
southwest  about  305  m  (1,000  ft).  However,  most  of  that  shift  occurred 
prior  to  the  1910;  only  61  m  (200  ft)  of  shift  occurred  between  1910  and 
1972. 

Possible  explanations  of  the  apparent  anomaly  which  involve  the 
presence  of  a  locally  more  resistant  lens  or  alluvial  deposit  (e.g.,  a  clay 
plug  from  an  old  oxbow  lake)  must  also  account  for  the  relatively 
rapid  rate  in  the  shift  of  the  downstream  bend  in  the  same  area  where 
channel  scouring  by  the  upstream  bend  was  presumably  inhibited.  Var¬ 
ious  mechanisms  and  factors  in  the  development  of  meanders  have 
been  proposed;  alterations  of  which  factors  that  demand  adjustments  in 
the  meandering  pattern  are  subjects  of  debate  (Ritter,  1978). 

NARROWING  OF  THE  MEANDER  NECK 

In  early  April,  several  weeks  before  the  cutoff,  a  baseline  of  20 
wooden  stakes  set  at  7.62  m  (25  ft)  intervals  was  established  along  the 
meander  neck  in  order  to  monitor  the  narrowing  rate.  The  NW-SE 
baseline  was  parallel  to,  and  centered  on,  the  narrowest  part  of  the 
meander  neck.  The  width  of  the  neck  from  bank  to  bank  was  measured 
at  each  stake  orthogonal  to  the  baseline.  The  distance  between  the 
parallel  lines  on  the  channel  tracings  of  Fig.  3  represents  the  length  of 
the  baseline  (Fig.  3E).  Extensions  of  the  parallel  lines  demarcate  that 
part  of  the  mander  neck  which  became  the  narrowest.  Average  width  of 
the  neck  was  about  518  m  (1700  ft)  in  1910,  244  m  (800  ft)  in  1940,  85 
m  (280  ft)  in  1951,  67  m  (220  ft)  in  1964,  20  m  (67  ft)  in  1972,  and  7.6 
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Figure  3.  Development  of  Big  Bend  Meander,  1910-1972. 
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Figure  4.  Big  Bend  narrowing  rate. 


m  (25  ft)  in  1975.  Measurement  of  the  width  was  repeated  once  follow¬ 
ing  the  establishment  of  the  baseline.  During  a  2-wk  period  in  April 
1975,  measureable  changes  of  width  occurred  at  3  of  the  20  baseline  sta¬ 
tions. 

The  narrowing  rate  of  the  meander  neck  can  also  be  expressed  in 
terms  of  areal  units  of  bank  erosion.  Fig.  4  shows  mean  annual  stream 
flow  in  millions  of  acre-feet/year,  plotted  against  acres  of  bank  erosio¬ 
n/year  for  each  of  5  time  periods  between  1910  and  1975.  The  high  sta¬ 
tistical  association  between  these  2  variables  (the  coefficient  of  correla¬ 
tion  =  0.98)  confirms  the  obvious  functional  relationship  between 
stream-flow  and  bank  erosion. 

Runoff  from  an  increasingly  larger  proportion  of  the  drainage  basin 
has  been  regulated  by  hydraulic  structures  since  Possum  Kingdom 
Reservoir  was  completed  in  1941.  Eighty-five  percent  of  the  102,344 
km2  (39,515  mi2)  of  basin  above  the  Bryan  gaging  station  is  partly  reg¬ 
ulated  by  24  major  reservoirs,  3  of  which  are  on  the  Brazos  River  (U.S. 
Geological  Survey,  1975).  Variation  in  average  streamflow  for  the  time 
periods  of  Fig.  4  may  be  largely  a  function  of  climatic  and  watershed 
factors  rather  than  regulation  by  reservoirs.  The  primary  effect  of  the 
reservoirs  is  probably  a  decrease  of  extreme  flows. 

The  timing,  frequency,  and  magnitude  of  discharges  from  individual 
storm  runoffs  are  additional  hydrologic  factors.  In  a  study  of  meander¬ 
ing  Indiana  streams,  Daniel  found  that  the  discharge  effective  in  chan- 
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nel  movement  consists  of  the  range  beginning  just  higher  than  the 
average  and  continuing  throughout  all  higher  discharges  (Daniel, 
1971). 

Between  1910  and  1975,  the  Brazos  reworked  about  0.75  km2  (0.29 
mi2)  or  26%  of  the  floodplain  area  shown  in  Fig.  3.  This  amount  of 
reworking  is  substantially,  but  not  disparately,  lower  than  figures  indi¬ 
cated  by  other  studies.  Everitt  concluded  that  about  one-half  of  the  Lit¬ 
tle  Missouri  River  floodplain  in  western  North  Dakota  was  reworked 
in  69  yr  (Everitt,  1968).  Everitt’s  study  is  not  directly  comparable  since 
the  amount  of  floodplain  reworking  is  derived  by  an  exponential  func¬ 
tion  based  upon  the  age-area  distribution  of  cottonweed  trees.  Perhaps 
a  more  meaningful  study  was  conducted  along  the  lower  Missouri 
River,  which  shows  that  about  one  third  of  the  floodplain  was 
reworked  between  1879  and  1930  (Schmudde,  1963).  The  proportion  of 
floodplain  that  is  reworked  by  a  river  in  a  given  period  depends  upon 
many  interrelated  physical  and  cultural  variables.  These  include  such 
things  as  the  relative  widths  of  floodplain  and  meander  belt,  the  cli¬ 
matic  environment  and  the  hydrologic  regime,  as  well  as  human 
attempts  to  control  or  prevent  bank  erosion.  Schumm  concludes  that 
the  rate  at  which  meanders  move  depends  not  only  on  the  forces 
exerted  on  the  banks,  but  also  upon  bank  resistance  (Schumm,  1977). 

MEANDER  CUTOFF 

Sometime  between  late  April  and  late  May  in  1975,  the  narrow  neck 
of  Big  Bend  meander  was  breached  and  the  Brazos  River  began  flowing 
through  the  cutoff.  Apparently  no  one  witnessed  the  cutoff,  although 
local  residents  (pers.  comm,  with  unknown  persons)  claimed  that  it 
occurred  in  late  April,  about  a  week  after  the  baseline  had  been  resur¬ 
veyed.  Discharge  during  the  last  10  days  in  April  was  low,  never 
exceeding  283  mVsec  (10,000  cfs)  and  a  gage  height  of  2.96  m  (9.7  ft)  at 
the  Bryan  gaging  station  (U.S.  Department  of  the  Interior,  unpubl. 
data).  By  contrast,  bankfull  discharge  is  3,965  mVsec  (140,000  cfs),  cor¬ 
responding  to  a  gage  height  of  12.8  m  (42  ft)  (U.S.  Department  of  the 
Interior,  pers.  comm.).  The  singular  high  flow  event  in  1975  on  this 
part  of  the  Brazos  occurred  on  May  26  when  instantaneous  discharge 
reached  2,104  mVsec  (74,300  cfs)  and  a  gage  height  of  9.8  m  (32  ft) 
(U.S.  Geological  Survey,  1975).  It  seems  much  more  likely  that  the 
actual  cutoff  would  result  from  the  three-quarter  bankfull  discharge 
rather  than  from  any  of  the  low  flows  in  late  April.  The  apparent  con¬ 
tradiction  between  the  reported  cutoff  date  and  the  high  flow  a  month 
later  may  be  resolved  by  examining  the  manner  in  which  the  meander 
neck  failed.  The  meander  neck  collapsed  along  a  length  of  about  150 
m  (500  ft),  almost  identical  to  the  section  on  which  the  baseline  had 
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been  established.  The  surface  of  the  collapsed  section  was  1.5  m  (5  ft) 
lower  than  adjacent  floodplain,  but  still  horizontal  and  relatively 
undisturbed,  indicating  that  the  mass  failed  as  a  coherent  unit.  It 
appeared  as  though  the  base  of  the  cutbanks  on  both  sides  of  the  nar¬ 
row  neck  had  slumped  outward,  followed  by  subsidence  of  the  upper 
mass  without  any  tilting  or  rotational  movement.  Subsequently,  the 
channel  cut  through  the  southeast  end  of  the  collapsed  section.  When 
the  site  was  examined  in  July  1975,  the  channel  in  the  meander  loop 
held  standing,  but  not  flowing,  water.  The  process  of  meander  aban¬ 
donment  had  already  begun. 

The  basis  for  the  reported  late  April  cutoff  date  could  very  well  have 
been  the  collapse  of  the  meander  neck,  whereas  the  actual  cutoff  prob¬ 
ably  did  not  occur  until  the  high  flow  on  May  26.  The  following 
explanation  is  based  upon  pertinent  conditions  and  processes  in  opera¬ 
tion  during  the  latter  half  of  April.  The  cutbanks  of  the  meander  neck 
were  approaching  a  condition  of  instability  due  to  their  steepness,  the 
increased  ratio  of  height  to  width,  and  the  relatively  low  cohesion  of 
the  alluvial  sediments.3  For  a  period  of  2  wk,  the  flow  level  in  the 
channel  had  been  steadily  dropping  from  a  rise  of  approximately  one- 
third  bankfull  stage  (U.S.  Department  of  the  Interior,  unpubl.  data). 
Cohesion  of  the  lower  bank  material  decreased  as  the  interstitial  water 
drained  out  and  the  seepage  created  an  outward  hydrostatic  pressure. 
When  the  critical  level  was  reached,  slope  failure  occurred  and  the  neck 
collapsed.  Establishment  of  the  cutoff  through  removal  of  the  some¬ 
what  disaggregated  slump  debris  probably  required  the  greatly  in¬ 
creased  erosive  power  of  the  high  flow  of  May  26. 

CONCLUSIONS 

The  development,  shape,  and  cutoff  of  Big  Bend  meander  seem  to 
illustrate  many  of  the  usual  textbook  explanations  of  a  neck  cutoff. 
However,  a  closer  inspection  revealed  that  the  manner  of  development 
and  cutoff  differed  from  the  “classic”  example.  Narrowing  of  the 
meander  neck  resulted  primarily  from  lateral  shifting  of  the  down¬ 
stream,  rather  than  the  upstream,  bend  of  the  meander  loop.  Contrary 
to  the  notion  concerning  the  importance  of  flood  discharges  in 
meander  cutoffs,  the  cutoff  of  Big  Bend  meander  was  made  by  a  flow 
no  greater  than  three-quarter  bankfull  stage.  The  role  played  by  low 
flows  and  mass  movements  in  the  narrowing  of  the  neck  merits  consid¬ 
eration  in  evaluating  the  magnitude  and  frequency  of  forces  in  geo- 
morphic  work  and  also  in  evaluating  the  effect  of  human  activity  in 


3The  principal  meander  belt  deposits  of  the  Brazos  River  consist  of  a  sequence  of  silt  and 
fine  sand  grading  downward  to  a  coarse  sand  and  gravel  (Bernard  and  Major,  1963). 
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regulating,  in  part,  the  timing,  magnitude,  and  frequency  of  storm 
runoff. 
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ABSTRACT 

Analyses  of  hourly  NWS  rainfall  data  at  Nacogdoches,  TX,  over  21  yr  (1955-76)  show 
that  summer  (May-October)  storms  are  characterized  by  higher  intensity,  lower  fre¬ 
quency,  shorter  duration  and  afternoon  occurrence.  Annual  storm  frequency  decreases 
with  storm  duration;  rainfall  of  high  intensity  is  infrequent  and  of  short  duration.  Two 
equations  describe  these  relationships  with  fair  accuracy.  The  storm  intensity-duration- 
frequency  analysis  is  consistent  with  earlier  analyses  of  regional  data,  suggesting  that 
storm  patterns  have  not  changed  appreciably  over  \  of  a  century. 

INTRODUCTION 

Rainfall  characteristics  are  required  data  in  soil  and  water  erosion 
studies,  and  basic  to  water  resource  design,  planning,  and  manage¬ 
ment.  For  the  Nacogdoches,  TX  area,  approximations  are  available 
from  Lowry’s  report  (1934)  and  from  National  Weather  Service  (1961, 
1964).  However,  those  isopluvial  maps  were  constructed  by  interpolat¬ 
ing  rainfall  data  of  surrounding  stations  observed  before  1960.  Since 
that  time,  hourly  rainfall  data  at  Nacogdoches  have  become  available 
on  magnetic  tapes.  Reported  here  is  a  preliminary  analysis  made  in 
connection  with  a  study  of  non-point  sources  of  soil  and  water  pollu¬ 
tion  as  affected  by  forest  activity  in  central  East  Texas. 

Nacogdoches  is  centrally  located  in  pine  forest  region  of  East  Texas. 
Its  climate  is  maritime  in  nature  with  modification  by  surges  of  con¬ 
tinental  air.  The  persistent  southerly  and  southeasterly  flow  of  warm 
tropical  maritime  air  produces  hot  humid  summers  and  mild  winters. 
The  normal  (1941-70)  annual  temperature  and  rainfall  at  Nacogdoches 
are  65. 7F  (18.7C)  and  47.5  (120.65  cm),  respectively. 

METHODS 

Hourly  rainfall  data  (1955-76)  collected  at  Nacogdoches,  TX  by  the 
U.S.  National  Weather  Service  (NWS)  were  provided  on  magnetic  tapes 
by  the  Texas  Water  Development  Board  through  Texas  National 
Resources  Information  Systems  (TNRIS).  Available  from  the  tapes  was 
the  precipitation  at  Nacogdoches  for  each  hour  of  each  day  of  record. 
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For  simplicity,  a  storm  was  described  as  a  rainfall  continuing  without 
a  break  of  more  than  1  hr.  These  data  were  summarized  to  show 
numbers  of  storms  and  rainfall  amounts  by  day,  month,  and  year;  by 
hour  of  initiation;  and  by  storm  duration  groups.  Also  listed  was  the 
maximum  precipitation  for  storms  of  1-,  3-,  6-,  12-,  24-,  and  48-hr 
duration  for  each  month  and  year. 

Errors  on  the  tape,  such  as  duplicated  or  missing  data,  and  mechani¬ 
cal  failures  of  the  recording  guage,  were  deleted  from  the  analyses 
through  careful  examination  and  comparison  with  data  collected  at  the 
non-recording  gauge  at  the  NWS  climatic  station.  As  a  result,  only  13 
yr  of  complete  records  are  used  for  hourly  characteristic  analyses.  Since 
total  rainfall  was  usually  available  when  hourly  data  were  missing,  the 
excessive  storm  analyses  were  based  on  data  from  21  yr. 

RESULTS 

Number  and  Duration  of  Storms 

Based  on  13  yr  of  complete  records,  the  average  number  of  storms/yr 
at  Nacogdoches  was  103  or  about  1  storm  every  3.5  days.  Table  1  shows 
monthly  distribution  of  the  storms  by  durations.  As  in  humid  West 
Virginia  (Chang,  et  ai,  1973),  more  storms  occurred  in  the  cold 
(November-April)  than  in  the  warm  (May-October)  season.  The  3  hot¬ 
test  summer  months  (June,  July,  and  August)  recorded  270  storms  or 
20%  of  the  total,  versus  402  (30%)  in  the  3  coldest  months  (December, 
January,  and  February).  February,  the  month  of  highest  storm  fre¬ 
quency,  had  about  twice  as  many  storms  as  July,  the  month  with  low¬ 
est  frequency. 

July  storms  were  shortest,  as  well  as  lease  frequent.  In  July,  about 
65%  of  storms  had  durations  no  longer  than  2  hr;  in  December,  46%  of 
storms  were  in  this  class.  Generally  speaking,  the  duration  of  the  max¬ 
imum  monthly  storm  decreased  gradually  from  January  to  July  and 
then  increased  until  December.  Over  the  entire  observation  period  the 
longest  continuous  storm,  28  hr  in  length,  occurred  in  December;  the 
shortest  monthly  maximum  storm,  5  hr,  occurred  in  July. 

Apparently  summer  storms  in  the  Nacogdoches  area,  characterized  by 
high  intensity,  lower  frequency,  and  short  duration,  are  dominated  by 
convective  type  of  storm  activity.  In  the  winter  months,  with  major  air 
masses  coming  from  Canada,  the  Northern  Pacific,  or  the  Gulf  of  Mex¬ 
ico  (Chang,  et  al.  1980),  frontal  types  of  storms  prevail. 

The  frequency  of  storm  occurrence  decreases  in  an  exponential 
manner  with  storm  duration.  Annually  the  probability  density  func¬ 
tion,  P,  for  any  storm  duration  D,  in  hr,  can  be  estimated  by  the  equa¬ 
tion: 

P(D)  =  0.315e'°-315d 


,  D  >0, 


(1) 
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TABLE  1 

Number  of  Rainfalls,  by  Hourly  Durations  and  Months,  at  Nacogdoches,  Texas’ 


Duration 

(hrs) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

O 

N 

D 

Year 

1 

37 

53 

32 

40 

37 

28 

21 

29 

35 

39 

29 

37 

417 

2 

27 

29 

18 

32 

35 

46 

30 

46 

35 

17 

32 

24 

371 

3 

17 

16 

23 

15 

17 

4 

7 

5 

14 

10 

9 

20 

157 

4 

12 

14 

10 

9 

12 

10 

8 

9 

3 

14 

13 

13 

127 

5 

3 

11 

5 

7 

7 

5 

2 

6 

4 

6 

5 

8 

69 

6 

8 

5 

3 

4 

4 

3 

5 

6 

10 

7 

55 

7 

4 

3 

3 

2 

2 

1 

6 

5 

6 

5 

35 

8 

4 

1 

4 

5 

2 

1 

1 

1 

3 

1 

2 

25 

9 

2 

5 

3 

1 

3 

1 

2 

1 

2 

3 

23 

10 

2 

1 

1 

1 

2 

4 

11 

11 

2 

3 

1 

1 

1 

1 

9 

12 

1 

1 

1 

1 

1 

4 

9 

13 

1 

1 

1 

1 

1 

1 

6 

14 

3 

1 

1 

5 

15 

1 

1 

2 

16 

1 

2 

3 

17 

1 

1 

1 

3 

18 

1 

1 

19 

20 

1 

1 

21 

1 

1 

22 

1 

1 

2 

23 

24 

1 

1 

25 

26 

27 

28 

Total 

124 

145 

101 

122 

119 

101 

68 

101 

111 

103 

112 

1 

1 

133 

1 

1 

1337 

Percent 

9.3 

10.8 

7.6 

9.1 

8.9 

7.6 

5.1 

7.6 

8.0 

7.7 

8.4 

9.9 

100 

’Data  based  on  13  records  between  1955  and  1975  provided  by  Texas  Water  Development 
Board  through  Texas  Natural  Resources  Information  System. 


where  e  is  the  exponential  constant.  The  equation  provides  excellent 
estimates  for  duration  from  3  hr-21  hr  or  about  75%  of  the  24  different 
storm  durations.  It  underestimates  the  probability  of  storms  with  dura¬ 
tions  less  than  3  hr  or  greater  than  21  hr.  The  mean  and  variance  of 
Eq.  (1)  are  1/0.315  and  1/0. 3 1 52  or  3.17  and  10.08  hr,  respectively. 

T ime  of  Occurrence 

The  time  of  day  when  storms  occur  varies  from  season  to  season. 
During  the  13  yr  of  complete  observations,  about  55%  of  the  storms 
started  between  7:00  a.m.  and  19:00  p.m.  and  also  for  the  period 
between  12:00  noon  and  24:00  midnight  as  compared  to  45%  for  the 
other  12  hr.  In  other  words,  the  occurrence  tended  to  be  least  during 
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the  first  6  hr  (0:00-6:00)  of  a  day,  greatest  in  the  third  6  hr  (12:00-18:00), 
and  about  equivalent  during  the  2nd  and  the  4th  quarters.  The 
number  of  storms  occurring  in  each  of  the  6  afternoon  hours  was 
greater  than  the  daily  average;  there  were  90  and  82  storms  for  hr  13-14 
and  14-15,  respectively,  compared  to  55.7  for  the  average  of  the  24  hr. 

The  variation  of  storm  occurrence  during  the  day  is  greatest  in 
summer  (May-October)  and  least  in  winter  (November-April).  In 
summer,  as  many  as  63%  of  the  rains  fell  between  7:00  a.m.  and  19:00 
p.m.  or  between  12:00  noon  and  24:00  midnight,  as  compared  to  37% 
during  the  other  12  hr;  storms  starting  at  hr  14-15  were  about  4  times 
as  frequent  as  those  starting  during  hr  23-24. 

Fig.  1  presents  the  distribution  of  storms  over  the  24  hr  by  months, 
expressed  as  percent  of  monthly  totals.  Lightest  shading  reflects  aver¬ 
age  or  below  occurrence.  During  winter  months  most  hours  reflect 
close  to  average  occurence,  with  no  hour  accounting  for  more  than  9% 
of  rainfall  in  any  month.  In  June,  July,  August,  and  September,  there 
were  several  afternoon  hours  when  9-11.9%  of  the  month’s  rains 
occurred;  2  afternoon  hours  in  July  each  produced  more  than  12%  of 
July’s  rains.  Since  flood  warnings  are  most  effective  in  daylight  hours 
(Maddox  and  Chappell,  1979),  the  high  probability  for  intense  summer 
storms  to  occur  in  the  afternoon  should  tend  to  minimize  loss  of  life 
and  portable  possession.  Trent  (1970)  stated  that,  due  to  a  greater  eva- 
potranspiration  rate,  the  runoff  potential  of  daytime  storms  is  possibly 
lower  as  compared  to  storms  occurring  at  night.  This  would  also  tend 
to  mitigate  flood  damages  from  this  storm  pattern. 

Intensity-Duration-Frequency 

Normally,  rainfall  of  high  intensity  tends  to  occur  with  lower  fre¬ 
quency  and  shorter  duration  than  less  intensive  rainfall.  At  Nacog¬ 
doches  the  relationships  among  intensity,  duration,  and  return  period 
of  annual  maximum  storms  can  be  described  by  the  following  equa¬ 
tion: 


j  _  1.69  Tr° 2411  (2) 

j^0.7514 

where  i  is  the  average  rainfall  intensity  in  in/hr,  D  is  the  duration  in 
hr,  and  Tr  is  the  return  period  in  yr.  The  value  Tr  is  inversely  propor¬ 
tional  to  probability  P  that  a  random  variable  I  is  expected  to  be 
greater  than  or  equal  to  a  threshold  value  i,  or: 

P(I>i)  =  _L 


Tr 


(3) 


>2.9  3-5.9  6t8.9  9-11.9  >12.0 
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Figure  1.  Probability,  in  percent,  of  monthly  rainfall  occurrence  by  hours  at  Nacog¬ 
doches,  Texas. 
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Value  of  rainfall,  i,  corresponding  to  various  Tr  used  to  develop  Equa¬ 
tion  2  were  computed  using  Gumbel’s  probability  model  and  annual 
data  series.  The  equation  explains  more  than  99%  of  the  rainfall  varia¬ 
tion  with  a  standard  error  of  estimate  0.106  in.  The  2  greatest  residuals 
are  —0.29  and  —0.27  in  for  the  2-yr  1-hr  and  100-yr  1-hr  storms,  respec¬ 
tively. 

For  a  50-yr  48-hr  design  storm  used  in  designing  a  storage  tank  for  a 
soil  erosion  study  (Parsons,  1954),  the  intensity  at  Nacogdoches  is 
about  0.24  in/hr  computed  from  Eq.  (2),  or  11.52  in  in  total.  The 
National  Weather  Service  (1961)  and  Lowry’s  (1934)  study  both  esti¬ 
mate  precipitation  of  this  frequency  at  about  1 1.66  in. 

Seasonal  Variation  of  Intense  Storms 

The  development  and  use  of  seasonal  rainfall  probabilities  should 
improve  the  effectiveness  of  flood  analyses  and  forecasting  in  compari¬ 
son  with  standard  return  period  estimates  using  only  annual  data  ser¬ 
ies.  For  example,  a  2  in/hr  storm  may  be  a  common  event  in  July  but 
a  rare  event  in  December.  Thus,  a  storm  of  10-yr  return  period  in 
December  may  cause  a  flood  equal  to  that  produced  from  a  25-yr  storm 
in  July. 

By  way  of  illustration,  the  probabilities,  in  percent,  of  events  occur¬ 
ring  in  specific  months  were  computed  for  annual  storms  of  1-  and  24- 
hr  duration  (Fig.  2).  The  technique  described  by  the  National  Weather 
Service  (1961)  and  Schwab,  et  al.  (1966)  can  be  used  to  estimate  storms 
of  other  durations.  From  Fig.  2,  there  is  a  10%  probability  of  having  a 
storm  equal  to  or  exceeding  the  maximum  1-hr  5-yr  annual  storm  in 
September.  Both  diagrams  in  Fig.  2  show  that  at  Nacogdoches,  the 
greatest  frequencies  of  intense  storms  were  in  September  and  rarest  in 
February. 


DISCUSSION  AND  CONCLUSION 

Based  on  the  storm  occurrence  and  its  distribution  pattern  described 
above,  it  is  obvious  that  thunderstorm  activity  is  predominantly  a 
warm  season  phenomena  in  the  Nacogdoches  area.  Storms  are  charac¬ 
terized  by  higher  intensity,  lower  frequency,  shorter  duration,  and 
afternoon  occurrence.  This  is  important  to  flood  protection  programs 
because:  1)  a  flood-producing  storm  occurring  at  night  would  compli¬ 
cate  already  difficult  forecast  and  warning  problems,  and  2)  the  flood- 
producing  potential  of  an  intense  storm  is  much  greater  during  the 
cold  seasons  and  at  night.  In  fact,  the  highest  flood  level  (19.89  ft) 
since  1956  at  least  in  Nacogdoches  occurred  at  about  midnight  on  1 
February  1975  at  a  time  when  evaporation  loss  was  minimum,  soil 
moisture  and  ground  water  were  at  high  levels,  and  ground  surface  was 
least  protected  by  hardwood  leaf  canopies. 


RETURN  PERIOD,  YEARS  RETURN  PERIOD,  YEARS 
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MONTH 

Figure  2.  Seasonal  probability  of  intense  rainfall  at  Nacogdoches,  TX.  Probability  in  % 
of  obtaining  a  rainfall  in  any  month  of  a  particular  year  equal  to  or  exceeding 
the  yearly  return-period  values  indicated  on  the  ordinates. 
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The  generalized  storm  intensity-duration  frequency  relationship  as 
shown  in  Eq.  (2)  has  a  form  similar  to  those  derived  elsewhere: 


i  =  B  Trn 
(D  +  A)m 


(4) 


where  A,  B,  n,  and  m  are  constants,  varying  with  geographic  localities, 
D  is  storm  duration  in  min,  and  i  and  Tr  are  the  same  as  defined 
before.  Eq.  (2)  has  a  value  of  A  =  0,  m  and  n  about  the  same  scale,  but 
B  (1.69)  much  smaller  than  those  (B  =  10  to  44)  derived  in  other  areas 
(Bernard,  1943).  The  smaller  value  of  B  in  Eq.  2  is  probably  because  of 
using  a  smaller  value  in  D  (in  hr).  Eq.  2  is  not  recommended  to  esti¬ 
mate  storms  with  duration  shorter  than  1  hr  or  longer  than  48  hr. 
Values  calculated  from  Eq.  2  for  the  Nacogdoches  area  are  consistent 
with  results  of  the  studies  by  Lowry  (1934)  and  the  National  Weather 
Service  (1961,  1964).  This  suggests  that  the  distribution  pattern  of 
intense  storms  in  the  area  has  not  changed  appreciably  in  the  past  \  of 
a  century  and  the  Lowry  (1934)  and  NWS’s  (1961,  1964)  studies  should 
be  valid  for  current  application  in  the  Nacogdoches  area. 
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ABSTRACT 

This  report  of  a  fasciation  produced  by  Sophora  tomentosa  represents  the  second 
recorded  observation  of  a  Sophora  species  being  fasciated.  The  first  observation  involved 
Sophora  secundiflora  and  was  reported  by  Vasey  in  1887.  A  descriptive  comparison  of  the 
fasciations  from  both  S.  tomentosa  and  S.  secundiflora  is  presented.  The  morphological 
features  of  these  fasciations  are  illustrated  by  photographs. 

INTRODUCTION 

A  survey  of  the  literature  of  the  plant  kingdom  revealed  that  the 
occurrence  of  fasciations  is  widespread.  According  to  White  (1948),  fas¬ 
ciations  were  reported  to  exist  in  at  least  107  of  the  303  families  into 
which  Engler  divided  the  living  vascular  plants.  Even  though  this 
phenomenon  is  relatively  widespread  when  one  considers  the  percen¬ 
tage  of  total  families  in  which  it  occurs,  the  actual  occurrence  of  a  fas¬ 
ciation  in  a  particular  genus,  species  or  population  is  a  rare  event.  It  is 
impossible  to  predict  when  or  where  a  fasciation  will  occur  in  nature. 
Indeed  this  fact  may  be  reflected  in  the  cost  to  collectors  for  these  plant 
anomalies.  Fasciated  or  crested  cactus  such  as  the  giant  saguaro  Carne- 
gia  gigantea  are  so  rare  that  they  command  a  50-100  fold  difference  in 
price  compared  to  a  normal  plant  of  the  same  height. 

Fasciations  may  occur  on  various  parts  of  the  plant  which  would 
include  the  main  stem,  underground  stem,  branches,  leaves,  flowers, 
fruits,  roots,  or  seedlings  of  plants,  and  are  defined  as  a  “multiple  fork¬ 
ing  of  an  axis:  ribbon  or  fangrowth  of  an  axis’’  (Wordsdell,  1915).  The 
normal  non-fasciated  plant  possesses  a  cylindrical  or  polygonal  stem, 
whereas  the  fasciated  stem  is  dilated:  (a)  into  a  flat  ribbon  with  promi¬ 
nent  ridges  (linear  fasciation),  (b)  into  3  or  4  flattened  lobes  (triradiate 
or  quadriradiate  fasciation)  or  (c)  into  a  hollow  stem  with  an  internal 
cavity  which  is  lined  by  an  internal  epidermis  (ring  fasciation)  (Kundu 
and  Rao,  1960).  An  interesting  aspect  of  fasciation  development  is  the 
sudden  rapid  proliferation  of  anomalous  growth  on  the  stem  and  the 
physiological  changes  which  occur  in  the  plant  to  produce  this 
growth.  Well-known  examples  of  fasciated-type  growths  are  the  cocks- 
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comb  ( Celosia  cristae)  and  the  crested  succulents,  such  as  the  large  fan¬ 
shaped  “cancered”  Carnegia  gigantea.  The  exact  cause  of  fasciation 
formation  is  unknown  and  may  involve  a  multitude  of  factors.  The 
causes  implicated  involve  genetic,  environmental,  physiological  and 
biological  factors.  In  some  instances,  fasciations  have  been  induced 
chemically  or  by  radiation.  Each  of  these  factors  may  act  on  the  hor¬ 
monal  system  of  the  plant  producing  the  observed  deformity. 

TYPICAL  FASCIATION  OF  SOPHORA  TOMENTOSA 

Correll  and  Johnston  (1970)  gave  the  following  description  of  S. 
tomentosa :  Sophora  tomentosa  L.  Yellow  Sophora.  Rounded  shrub 
about  1  m  tall  (in  our  latitudes  often  freezing  back  in  winter  time  and 
behaving  as  subshrubs);  foliage  densely  pubescent,  grayish;  flowers  in 
terminal  racemes,  bright-yellow.  Infrequent  near  and  along  the  coast  in 
South  Texas  as  far  North  as  Aransas  Co.,  Mar. -Oct.;  widely  distributed 
along  warm  coastal  areas  of  the  world. 

Dr.  Billie  L.  Turner,  Ph.D.,  Professor  of  Botany,  The  University  of 
Texas  at  Austin,  indicated  that  shrubs  of  S.  tomentosa  were  fairly 
abundant  in  the  vicinity  of  the  Marine  Science  Institute  in  Port  Aran¬ 
sas,  Texas  (B.  L.  Turner,  pers.  comm).  Examination  of  that  designated 
area  revealed  numerous  shrubs  of  S.  tomentosa  of  which  3  were  found 
to  have  produced  fasciations. 

These  fasciations  were  growing  at  the  tip  of  the  stem,  predominately 
clubshaped,  approximately  6-8  in  in  length,  1  in  in  width,  and  Vi  in  in 
thickness.  The  surface  was  slightly  ribbed  and  sparsely  adorned  with 
elevated  craters  or  pits.  The  fasciation  is  more  vividly  illustrated  in 
Fig.  1.  These  craters  represent  the  site  of  seed  pod  attachment  as  shown 
in  Fig.  2.  The  entire  fasciation  was  grayish-green  in  color. 

FASCIATION  OF  SOPHORA  SECUNDIFLORA 

Sophora  secundiflora  has  been  depicted  in  the  following  manner:  5. 
secundiflora  (Ort.)  DC.  Texas  mountain  laurel,  mescal  bean,  frijolillo. 
Evergreen  shrub  5-35  dm  tall,  with  usually  dense  darkgreen,  glossy 
foliage;  leaflets  very  firm,  5-11  (to  13)  per  leaf,  often  17  mm  broad  or 
broader  and  glabrous  above;  racemes  5-15  cm  long,  5-10  cm  broad, 
bluish-purple  and  very  showy,  the  individual  flowers  1-2  cm  long,  the 
banner  external  to  the  others  in  bud;  fruit  woody,  2-12  cm  long,  11 
mm  thick  or  thicker,  only  moderately  constricted  between  the  seeds; 
seeds  red.  Frequent  in  brushy  vegetation  south  edge  of  Edwards  Pla¬ 
teau  (north  to  Travis  Co.)  and  caliche  cuestas  in  Rio  Grande  Plains, 
scattered  in  west  part  of  Edwards  Plateau  and  Trans-Pecos  mountains, 
isolated  records  from  Cameron  Co.,  spring;  Texas  and  New  Mexico 
south  in  the  mountains  in  San  Lois  Potosi.  Cultivated  for  the  beautiful 
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Figure  1.  Typical  fasciation  obtained  from  Sophora  tomentosa. 


Figure  2.  Fasciation  of  Sophora  tomentosa  with  seed  pods. 
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Figure  3.  Typical  fasciation  from  Sophora  secundiflora. 


evergreen  foliage  and  showy  flowers.  The  red  seeds  are  made  into 
jewelry.  The  flowers  and  seeds  are  said  to  contain  poisonous  com¬ 
pounds)  (Correll  and  Johnston,  1970). 

In  1887  the  occurrence  of  a  fasciation  in  S.  secundiflora  was  des¬ 
cribed  by  Vasey  (1887).  Vasey  indicated  that:  “the  extremity  of  the 
twigs,  or  racemes,  become  flattened  and  enlarged,  gradually  expanding 
and  dividing  toward  the  apex — sometimes  in  a  few,  often  into  a  large 
number  of  segments— -the  surface  studded  with  small  scales  and  mostly 
dormant  buds.  Sometimes,  however,  these  buds  develop  into  more  or 
less  perfect  flowers.”  He  further  indicated  that  the  same  plant  produces 
these  peculiar  deformities  annually.  On  the  campus  of  the  University 
of  Texas  at  Austin  there  are  probably  in  excess  of  25  S.  secundiflora 
trees.  Over  a  period  of  10  yr  it  has  been  observed  that:  (a)  a  number  of 
these  trees  have  never  produced  a  fasciation,  (b)  several  have  produced 
fasciations  for  1  or  2  yr  and  then  ceased  production,  and  (c)  in  one 
instance,  a  tree  has  developed  fasciations  annually  for  the  past  5  yr. 
From  these  observations  it  might  be  concluded  that  Vasey  (1887)  was 
incorrect  in  stating  that  plants  produce  fasciations  on  a  predictable, 
annual  basis.  Fig.  3  illustrates  a  typical  fasciation  from  S.  secundiflora. 

COMPARISON  OF  FASCIATIONS  FROM  S.  TOMENTOSA 
AND  S.  SECUNDIFLORA 

In  general,  the  fasciations  of  S.  tomentosa  are  less  fanshaped  and 
more  clubshaped  than  those  of  S.  secundiflora.  There  is  a  considerable 
difference  in  the  size  of  the  fully  developed  fasciations;  S.  tomentosa 
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Figure  4.  Atypical  fasciations  from  Sophora  tomentosa  and  a  typical  fasciation  of 
Sophora  secundiflora. 

being  approximately  1/3  the  size  of  S.  secundiflora.  Both  fasciations 
are  grayish-green  in  color.  There  was  no  evidence  of  scales  or  dormant 
buds  on  the  S. tomentosa  fasciation.  Both  species  flower  in  racemes 
which  are  specialized  stems.  Our  observation  has  been  that  fasciations 
occur  primarily  on  these  racemes.  The  differences  in  the  physical 
appearance  of  the  fasciations  may  be  linked  to  the  time  of  growth  and 
development  of  the  fasciations  on  these  racemes.  S.  secundiflora  flowers 
in  the  spring,  but  the  racemes  for  the  flowers  differentiate,  develop, 
and  grow  in  the  fall  and  winter.  Fasciations  also  appear  to  grow 
mostly  in  the  fall.  A  fasciation  observed  in  the  winter  would  be  full  of 
dormant  buds  waiting  to  develop  and  flower.  With  S.  tomentosa  the 
racemes  for  the  flowers  develop  in  the  spring  and  early  summer  and 
flower  in  late  summer.  The  cause  or  causes  of  fasciation  production  by 
these  2  species  has  not  been  established. 

A  total  of  9  S.  tomentosa  fasciations  was  collected,  one  of  which  was 
considered  to  be  atypical.  This  atypical  form  is  illustrated  in  Fig.  4 
along  side  a  typical  fasciation  of  S.  secundiflora. 

CONCLUSION 

It  can  be  concluded  that  some  shrubs  of  S.  tomentosa  L.  are  capable 
of  producing  fasciations. 
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ABSTRACT 

Vegetation  and  soil  properties  of  5  habitat  types  on  Padre  Island  National  Seashore 
were  described  in  1972-73.  Plant  species  cover  was  determined  by  the  point  frame 
method,  and  soil  characteristics  were  determined  by  standard  soil  analysis  procedures. 
The  3  major  habitat  types,  coastal  dunes,  low  coastal  sands,  and  shoregrass  flats,  made 
up  92%  of  the  area.  The  predominant  type,  low  coastal  sands,  contained  the  greatest  var¬ 
iety  of  plants,  the  coastal  dunes  the  second  greatest,  salt  marsh  third,  salty  sands  fourth, 
and  shoregrass  flats  the  lowest  variety.  Soils  generally  were  deficient  in  nitrogen  and 
potassium,  and  salinity  limited  growth  in  the  salty  sands  and  shoregrass  flats. 

INTRODUCTION 

Padre  Island  is  a  130  km  long,  narrow  barrier  island  along  the  South 
Texas  coast,  extending  from  Corpus  Christi  Bay  on  the  north  to  Brazos 
Santiago  Pass,  near  the  mouth  of  the  Rio  Grande  on  the  south. 


'Welder  Wildlife  Foundation  Contribution  254.  This  paper  includes  material  presented 
by  Kattner  and  McFarland  in  partial  fulfillment  of  the  requirements  for  the  Master  of 
Science  degree  at  the  College  of  Agriculture,  Texas  A8cl  University,  Kingsville,  TX 
78363. 
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Records  from  early  Spanish  explorations  indicate  that  the  island  origi¬ 
nally  was  covered  with  “tall  grass”  (Rechenthin  and  Passey,  1967). 

The  island  has  undergone  considerable  change  in  its  vegetation  and 
surface  characteristics  because  of  man’s  activities.  Cattle,  numbering  as 
many  as  4000,  have  grazed  continuously  on  the  island  since  about  1850 
(Rechenthin  and  Passey,  1967)  with  as  many  as  1200  head  grazing  the 
northern  32  km  of  Padre  Island  (Harris,  1965).  In  1971,  after  establish¬ 
ment  of  Padre  Island  National  Seashore,  cattle  were  removed  from  the 
island.  This  change  in  land  use  undoubtedly  will  change  the  species 
composition  of  vegetation  and  soil  characteristics  on  the  island.  The 
study  was  designed  to  describe  the  vegetation  and  soils  of  a  typical  sec¬ 
tion  of  the  island  and  to  evaluate  interrelationships  of  plant  communi¬ 
ties  and  soils. 

STUDY  AREA  AND  LITERATURE  REVIEW 

The  study  was  conducted  within  Padre  Island  National  Seashore. 
Permanent  vegetation  transects  were  established  in  1972  within  a  445 
ha  area,  2.4  km  long  and  1.8  km  wide,  with  the  northern  boundary  13 
km  south  of  the  Island  Ranger  Station.  Most  of  this  area  is  in  Kleberg 
County,  but  the  southern  edge  is  in  Kennedy  County. 

The  island’s  environment  has  been  described  by  Drawe  and  Kattner 
(1978)  and  McAtee  and  Drawe  (1980,  1981).  In  general  the  island  has  a 
littoral  climate  influenced  primarily  by  prevailing,  moisture-laden 
Gulf  winds.  The  soils  on  the  island  are  nearly  all  deep  sands  mixed 
with  some  shell  fragments  and  little  fine  material  except  in  the  depres¬ 
sions  (Rechenthin  and  Passey,  1967);  they  are  classified  as  coastal  sands 
(Franki,  1960,  1962). 

Few  studies  have  been  directly  concerned  with  the  vegetation  and 
soils  of  the  island.  Rechenthin  and  Passey  (1967)  conducted  a  prelimi¬ 
nary  investigation  of  the  vegetation  on  the  area  in  1966  and  1967.  They 
described  6  habitat  types  on  the  island  as  (1)  gulf  beach,  (2)  coastal 
dunes,  (3)  low  coastal  sands,  (4)  salt  marsh,  (5)  salty  sands,  and  (6) 
shoregrass  flats.  Otteni,  et  al.  (1972)  gave  a  relatively  detailed  report  of 
the  vegetation  of  North  Padre  Island,  and  Jones  (1966)  prepared  a 
checklist  of  plants  for  Padre  and  Mustang  Islands.  Sauer  (1967)  con¬ 
ducted  a  geographical  reconnaissance  of  seashore  vegetation  along  the 
Mexican  Gulf  Coast.  Gould  and  Box  (1965)  prepared  a  key  to  the 
grasses  of  the  Coastal  Bend  counties  that  include  some  plants  of  Padre 
Island. 


METHODS  AND  PROCEDURES 
Vegetation  Analysis 

To  provide  base  lines  for  transect  dispersements  and  for  determining 
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the  extent  of  each  habitat  type  present,  4  permanent  orientation  lines 
were  spaced  approximately  0.5  km  apart,  perpendicular  to  the  seashore, 
and  marked  with  creosoted  wooden  posts.  Near  these  orientation  lines, 
10  permanent  30.5  m  sampling  transects  for  each  of  5  habitat  types 
(gulf  beach  was  not  included  in  the  vegetative  and  soils  analyses)  were 
randomly  located  and  marked  at  each  end  with  code-marked  posts. 

The  point  method,  described  by  Arny  and  Schmid  (1942),  was  used 
for  determining  plant  cover.  Each  transect  was  sampled  in  each  of  6 
seasons  from  winter  1972  to  spring  1973  with  a  10-point  frame  having 
points  5  cm  apart  at  10  locations  (100  points)  per  transect.  Seasons 
were:  winter  (December-February),  spring  (March-May),  summer  (June- 
August),  and  fall  (September-November).  The  first  foliar  hit  was 
recorded  for  each  pin  drop.  Frequency  and  foliar  cover  of  each  plant 
species  were  obtained  from  these  data.  Exposed  water  on  inundated 
transects  and  the  current  vegetation  were  recorded  by  visual  estimates. 

Soil  Analysis 

Soil  was  sampled  within  0.5  m  of  the  vegetation  transects.  Two 
samples  from  each  transect  were  taken  randomly  from  the  surface  to 
approximately  0.6  m  deep,  the  average  depth  to  the  water  table,  and 
representative  of  the  entire  rhizosphere.  Samples  were  taken  to  the 
laboratory,  air-dried,  passed  through  a  No.  10  mesh  seive,  and  stored 
for  analyses. 

Standard  soil  analysis  procedures  were  used  to  determine  the  follow¬ 
ing  characteristics:  The  amounts  of  exchangeable  K,  Na,  Zn,  Fe,  Mg, 
Ca,  Mn,  and  Cu  were  analyzed  on  a  Perkin-Elmer2  Atomic  Absorption 
Unit,  Model  290B,  using  the  manufacturing  company’s  recommended 
procedure  for  operation.  Preparation  of  samples  was  in  accordance 
with  the  method  set  out  by  Isacc  and  Kerber  (1971).  The  Wheatstone 
Bridge  was  used  for  determination  of  soluble  salts  according  to  the 
procedure  described  by  Richards  (1949)  with  the  preparation  of  the 
twice  saturation  extract  according  to  the  U.S.  Salinity  Laboratory  Staff 
(1954).  The  pH  was  determined  with  a  Sargent  pH  meter,  Model  LS, 
using  a  1:1  soil-water  paste  (U.S.  Salinity  Laboratory  Staff,  1954). 
Determination  of  boron  was  made  using  the  colorimetric  procedure 
using  azomethine-H  (Wolf,  1971).  Chloride  determination  was  made  by 
the  silver  chromate  titration  method  (Jackson,  1958).  Organic  carbon 
was  determined  titrametrically  (Walkley,  1947;  U.S.  Salinity  Laboratory 
Staff,  1954).  The  method  for  determining  phosphorous  soluble  in 
sodium  bicarbonate  was  that  of  Olson  and  Dean  (1965).  The  method 
for  determination  of  sulfate  by  precipitation  as  barium  sulfate  was  that 
of  the  U.S.  Salinity  Laboratory  Staff  (1954). 


2Mention  of  a  product  name  is  for  informational  purposes  and  is  not  an  endorsement  by 
the  authors,  Texas  A8cl  University,  or  the  Welder  Wildlife  Foundation. 
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Figure  1.  A  generalized  geographical  profile  from  east  to  west  across  north  Padre  Island 
showing  typical  habitat  types  in  relation  to  sea  level. 


Although  most  cations  analyzed  usually  are  referred  to  as  exchange¬ 
able  cations,  the  lack  of  any  appreciable  amount  of  particles  less  than 
0.002  mm  effective  diameter  (clay)  and  a  low  organic  matter  content 
cause  the  cation  exchange  capacity  of  the  soil  to  be  near  zero.  The  soil 
was  not  leached  before  extraction,  so  the  extract  contained  cations 
primarily  from  the  soil  solution  and  only  minute  amounts  that  may 
have  been  present  as  exchangeable  cations.  Therefore,  cation  concentra¬ 
tions  will  be  referred  to  as  extractable  cations. 


RESULTS 

Based  on  measurements  along  the  4  east-west  orientation  lines,  the 
relative  occurrences  of  the  6  habitat  types  described  by  Rechenthin  and 
Passey  (1967)  were:  (1)  gulf  beach,  5%,  (2)  coastal  dunes,  18%;  (3)  low 
coastal  sands,  61%;  (4)  salt  marsh,  1%;  (5)  shoregrass  flats,  13%;  and  (6) 
salty  sands,  2%.  A  generalized  topographical  profile  exclusive  of  the 
beach  area  would  be  represented  by  coastal  dunes  on  each  end  with  the 
other  4  types  interspersed  (Fig.  1). 

Vegetation  Analysis 

Vegetation  data  were  collected  on  the  3  major  (92%  of  the  area)  habi¬ 
tat  types,  coastal  dunes,  low  coastal  sands,  and  shoregrass  flats,  for  6 
seasons  during  1972  and  1973.  Inundation  of  the  low-lying  salt  marsh 
and  salty  sand  types  hampered  accessibility  so  that  they  were  success¬ 
fully  sampled  only  2  of  the  6  seasons.  Most  data  from  the  latter  2  areas 
were  gathered  by  subjective  observations  and  photographs,  and  for  this 
reason,  results  from  the  3  more  mesic  types  will  be  emphasized.  The 
species  found  in  each  habitat  type  are  listed  in  Table  1  along  with 
their  average  percent  frequency  of  occurrence. 
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TABLE  1 

A  systematic  list  of  plant  species  of  five  habitat  types  on  Padre  Island  National  Seashore. 
Data  are  average  percent  frequency  of  occurrence  over  6  seasons.  CD=Coastal  Dunes, 
LCS=Low  Coastal  Sands,  SM=Salt  Marsh,  SF=Shoregrass  Flats,  and  SS=Salty  Sands. 
Scientific  nomenclature  follows  Jones  (1966)  and  Gould  (1975). 


Taxon 

CD 

LCS 

SM 

SF 

SS 

Graminaeae:  Grass  family 

Andropogon  glomeratus  (Walt.)  B.S.P. 

T 

Aristida  intermedia  Scribn.  &  Ball 

3 

Brachiaria  ciliatissima  (Buckl.)  Chase 

r 

Cenchrus  echinatus  L. 

T 

Cenchrus  incertus  M.A.  Curtis 

i 

1 

Eragrostis  secundiflora  Presl. 

14 

1 

Eragrostis  spectabilis  (Pursh)  Steud. 

i 

1 

Eustachys  petraea  Sw. 

3 

Monanthochloe  littoralis  Engelm. 

86 

Panicum  amarulum  Hitchc.  8c  Chase 

T 

Panicum  capillarioides  Vasey 

i 

Panicum  portoricense  Hamilt. 

1 

Panicum  sphaerocarpon  Ell. 

T 

Paspalum  monostachyum  Vasey 

2 

42 

1 

Paspalum  setaceum  Michx. 

3 

6 

Paspalum  vaginatum  Sw. 

1 

1 

Polypogon  monspeliensis  (L.)  Desf. 

T 

1 

Spartina  patens  (Ait.)  Muhl. 

T 

T 

T 

Sporobolus  pyramidatus  (Lam.)  Hitchc. 

T 

1 

Sporobolus  tharpii  Hitchc. 

1 

Sporobolus  virginicus  (L.)  Kunth. 

1 

8 

1 

3 

1 

Uniola  paniculata  L. 

52 

7 

Cyperaceae:  Sedge  family 

Dichromena  colorata  (L.)  Hitchc. 

T 

1 

Eleocharis  caribaea  (Rottb.)  Blake 

4 

3 

Eleocharis  flavescens  (Poir.)  Urban 

Eleocharis  montevidensis  Kunth. 

6b 

b 

1 

Fimbristylis  castanea  (Michx.)  Vahl. 

13 

T 

1 

Scirpus  americanus  Pers.  var.  longispicatus  Britt. 

3 

4 

Commelinaceae:  Spiderwort  family 

Commelina  erecta  L.  var.  anugustifolia  (Michx.)  Fern 

3 

Juncaceae:  Rush  family 

Juncus  marginatus  Rostk. 

1 

Juncus  scirpoides  Lam. 

Iridaceae:  Iris  family 

Sisyrinchium  sagittiferum  Bickn. 

1 

1 

Chenopodiaceae:  Goosefoot  family 

Salicornea  biglovii  Torr. 

1 

1 

Amaranthaceae:  Amaranth  family 

Philoxerus  vermicularis  (L.)  R.  Br. 

1 

6 

1 

Aizoaceae:  Carpet-weed  family 

Sesuvium  portulacastrum  L. 

1 

1 

Leguminosae:  Legume  family 

Baptisia  laevicaulis  (Gray)  Small 

T 
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TABLE  1 — Continued. 


Cassia  fasciculata  var. 

ferisiae  (Britt.)  B.S.  Turner  6C 

Indigofera  miniata  Ort.  var. 

leptosepala  (Nutt.)  B.  L.  Turner  1 

Petalostemum  emarginatum  Torr.  8c  Gray 
Rhynchosia  americana  (Mill.)  C.Metz  1 

Rhynchosia  minima  (L.)  D.C.  var.  minima 
Schrankia  latidens  (Small)  K.  Schum. 

Linaceae:  Flax  family 

Linum  alatum  (Small)  Winkl. 

Polygalaceae:  Milkwort  family 
Polygala  alba  Nutt. 

Euphorbiaceae:  Spurge  family 
Croton  capitatus  Michx. 

Croton  glandulosus  L. 

Croton  punctatus  Jacq.  19 

Euphorbia  ammannioides  H.B.K.  2 

Stillingia  sylvatica  L.  T 

Onagraceae:  Evening-primrose  family 
Calylophus  serrulatus  (Nutt.)  Raven 

Oenothera  drummondii  Hook.  13 

LTnbelliferae:  Parsley  family 
Hydrocotyle  bonariensis  Lam. 

Plumbaginaceae:  Leadwort  family 

Limonium  nashii  var.  compactum  Shinners 
Asclepiadaceae:  Milkweed  family 

Asclepias  oenotheroides  Cham.  &  Schlecht.  1 

Convolvulaceae:  Morning-glory  family 

Ipomoea  pes-caprae  (L.)  Sweet  var.  emarginata  Hallier  13 
Ipomoea  stolonifera  (Cyr.)  Gmel.  10 

Polemoniaceae:  Phlox  family 

Phlox  drummondii  Hook.  T 

Boraginaceae:  Heliotrope  family 

Heliotropium  curassavicum  L.  var.  curassavicum 
Verbenaceae:  Verbena  family 
Phyla  nodiflora  (L.)  Greene 
Solanaceae:  Nightshade  family 

Physalis  viscosa  L.  var.  spathulae folia  (Torr.)  gray  1 

Scrophylariaceae:  Snapdragon  family 

Stemodia  tomentosa  (Mill.)  Greenm.  8c  Thomps. 
Plantaginaceae:  Plantain  family 
Plantago  virginica  L. 

Compositae:  Sunflower  family 

Ambrosia  psilostachya  (D.C.)  Trel. 

Croptilon  divaricatum  (Nutt.)  Raf. 

Erigeron  myrionactis  Small 
Eupatorium  betonicifolium  Mill. 

Gaillardia  pulchella  Foug. 

Heterotheca  subaxillaris  (Lam.)  Britt.  8c  Rusby 


3 

2 

T 

2 

T 

1 

T 

2 


lc 

1 

T 

1 

7 

1 

T 

T 

T 

13 

9 

1 

28 


1 

T 

5 

1 

T 

T 


1 


1 

1 


1 


2 


1 


1 

1 


T 

T 

T 


T 


T 

T 
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TABLE  1 — Continued. 


Machaer  anther  a  phyllocephala  (D.C.)  Shinner 
Senecio  spartioides  T.  8c  G. 


2 


T 


Orchidaceae:  Orchid  family 

Spiranthes  vernalis  Engelm.  8c  Gray 


T 


Gentianaceae:  Gentian  family 
Sabatia  areniocola  Greenm. 


T 

25  61  17  11  12 


TOTAL  SPECIES'1 


aT  =  Present,  but  not  encountered  in  sampling. 

bData  includes  all  three  Eleocharis  spp.;  species  not  separated  in  sampling. 
cData  includes  all  three  Croton  spp.;  species  not  separated  in  sampling. 
dSpecies  making  up  more  than  trace  amounts. 

Coastal  Dunes 

Ten  species  of  grasses  and  15  species  of  forbs  occurred  along  the 
coastal  dune  transects  (Table  1).  Dominant  grasses  included  sea  oats 
( Uniola  paniculata),  gulfdune  paspalum  ( Paspalum  monostachyum), 
and  thin  paspalum  ( P .  setaceum ).  Dominant  forbs  were  beach  tea 
(Croton  punctatus),  beach  evening-primrose  ( Oenothera  drummondii), 
goatfoot  morning-glory  ( Ipomoea  pes-caprae  var.  emarginata),  fiddle- 
leaf  morning-glory  (I.  stolonifera ),  and  partridge  pea  ( Cassia  fascicu - 
lata). 

The  relationship  between  percentage  foliar  cover  of  grasses  and  forbs 
(Table  2)  fluctuated  with  forbs  increasing  until  the  harsh  winter  of 
1973  when  temperatures  well  below  freezing  occurred  on  2  occasions. 
Percentage  forb  foliar  cover  dropped  from  29%  to  5%  in  a  3-mo  period, 
apparently  from  the  freezing  temperatures.  During  the  same  period, 
grass  foliar  cover  remained  relatively  constant.  Sea  oats,  the  predomi¬ 
nant  grass  of  the  coastal  dune  type,  accounted  for  an  average  of  12%  of 
the  total  33%  foliar  cover  (Table  2). 

Average  percentage  mulch  cover  was  comparatively  low  (9%)  within 
the  coastal  dunes.  Most  of  the  identifiable  mulch  was  comprised  of 
Croton  sp.,  Senecio  sp.,  and  Cassia  sp.  Bare  ground  averaged  52% 
within  the  coastal  dunes  type. 

Cow  Coastal  Sands 

Nineteen  species  of  grasses  and  42  species  of  forbs  occurred  in  this 
habitat  type  (Table  1).  Dominant  grasses  included  gulfdune  paspalum, 
red  lovegrass  ( Eragrostis  secundiflora ),  fimbry  ( Fimbristylis  castanea), 
seashore  dropseed  ( Sporobolus  virginicus),  sea  oats,  thin  paspalum, 
and  spikerush  (Eleocharis  caribaea).  Dominant  forbs  included  Stemo- 
dia  tomentosa,  seaside  heliotrope  (Heliotropium  curassavicum  var. 
curassavicum),  frogfruit  (Phyla  nodiflora ),  marsh  pennywort  (Hydroco- 
tyle  bonariensis ),  and  fleabane  (Erigeron  myrionactis ). 

The  relationship  between  grass  and  forb  cover  differed  somewhat 
from  that  of  the  coastal  dune  type.  At  the  beginning  of  the  study  forb 
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TABLE  2 

Percent  Plant  Foliar  Cover/Season  for  the  Coastal  Dunes,  Low  Coastal  Sands,  and 
Shoregrass  Flats  Habitats  on  Padre  Island  National  Seashore  With  a  Comparison  of  the 
Predominant  Grass  to  the  Total  Percent  Grass  Cover. 


1972 

1973 

Winter  Spring  Summer  Fall 

Winter  Spring  Average 

Coastal  dunes 


Total  grass 

8 

13 

16 

17 

15 

21 

15 

Total  forb 

9 

16 

29 

29 

5 

21 

18 

Sea  oats 

7 

12 

13 

13 

12 

16 

12 

Low  coastal  sands 

Total  grass 

6 

13 

16 

29 

18 

35 

19 

Total  forb 

10 

19 

26 

31 

34 

38 

26 

Gulfdune 

paspalum 

Ta 

6 

4 

16 

11 

24 

10 

Shoregrass  flats 

Total  grass 

42 

31 

40 

49 

45 

54 

44 

Total  forb 

2 

T 

8 

6 

5 

4 

4 

Shoregrass 

41 

31 

40 

48 

45 

53 

43 

aT  =  Trace,  less  than  0.5%  cover. 


foliar  cover  was  10%  and  increased  throughout  the  study  to  38%  (Table 
2);  initial  grass  foliar  cover  was  6%  and  increased  to  35%. 

Gulfdune  paspalum,  the  predominant  grass  of  the  low  coastal  sands, 
accounted  for  an  average  of  10%  of  the  total  foliar  cover  (46%).  The 
rapid  increase  in  grass  cover  apparently  reflected  the  increase  of  gulf- 
dune  paspalum,  from  a  trace  in  the  winter  of  1972  to  24%  15  mo  later 
(Table  2). 

Average  mulch  cover,  58%,  was  greatest  in  this  habitat  type.  Shading 
by  mulch  was  adequate  to  prevent  photosynthetic  activity  of  plants  on 
some  areas.  The  low  coastal  sands  habitat  type  contained  18%  bare 
ground. 

Shoregrass  Flats 

Four  species  of  grasses  and  7  species  of  forbs  occurred  on  the  shore- 
grass  flats  (Table  1).  The  dominant  grass  was  shoregrass  ( Monanthoch - 
loe  littoralis)  with  seashore  dropseed  occurring  in  minor  amounts.  The 
dominant  forb  was  beach  carpet  ( Philoxerus  vermicularis )  with  sea 
lavender  ( Limonium  nashii  var.  compactum)  occurring  in  minor 
amounts. 

Grass  dominated  this  type,  accounting  for  30  to  50%  of  the  foliar 
cover.  Unlike  other  sites,  vegetation  in  this  habitat  type  was  not 
affected  by  freezes  during  the  winter  of  1973. 

Shoregrass  foliar  cover  averaged  43%  (Table  2).  Mulch  covered  12%  of 
the  soil  surface  and,  in  general,  was  in  advanced  stage  of  decomposi- 
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TABLE  3 

Soil  Chemical  Properties  of  4  Habitat  Types  on  Padre  Island  National  Seashore. 


Soil  Property 

Coastal 

Dunes 

Low  Coastal 

Dunes 

Shoregrass 

Flats 

Salt 

Flats 

pH 

7.7 

7.8 

8.5 

8.4 

Organic  Matter(%) 

0.12 

0.20 

0.28 

0.08 

Salinity  (mmhos/cm2) 

0.2 

0.5 

52.7 

13.3 

Chlorine  (ppm) 

27 

85 

4364 

1473 

Sulfate  (ppm) 

39 

66 

546 

246 

Boron  (ppm) 

0.5 

0.4 

1.4 

0.6 

Phosphorus  (ppm) 

16 

11 

7 

7 

Calcium  (ppm) 

1626 

1277 

1943 

1404 

Ca  Na  h  100 

1183 

264 

63 

154 

Ca  K  X  100 

11366 

8115 

937 

2169 

Magnesium  (ppm) 

83 

650 

703 

139 

K  Mg  ratio 

0.17 

0.02 

0.29 

0.47 

Potassium  (ppm) 

14 

16 

207 

65 

Sodium  (ppm) 

139 

484 

3064 

911 

Pseudo-ESP(%) a 

11.8 

26.1 

63.6 

43.1 

Iron  (ppm) 

1.8 

2.6 

5.4 

5.2 

Copper  (ppm) 

Trace 

Trace 

Trace 

Trace 

Manganese  (ppm) 

5.5 

2.6 

6.8 

4.0 

Zinc  (ppm) 

13.0 

10.3 

13.5 

18.2 

aPseudo  exchangeable  sodium  (Na)  percentage  =  100  X  extractable  Na  extractable  (Na 
T  Ca  +  Mg  +  K)  (Lunt,  1966). 


tion,  matted,  discolored,  and  unidentifiable.  Bare  ground  accounted  for 
45%  of  the  surface  cover. 

Soils  Analysis 

The  salt  marsh  type  was  almost  constantly  inundated,  making  soil 
sampling  virtually  impossible.  Neither  vegetation  nor  soils  of  the  gulf 
beach  area  were  sampled.  Therefore,  the  coastal  dunes,  low  coastal 
sands,  shoregrass  flats,  and  salty  sands  were  included  in  the  soils  ana¬ 
lyses. 

Soil  chemical  properties  varied  considerably  among  the  4  habitat 
types  (Table  3).  Soil  reaction  ranged  from  pH  7.7  on  the  coastal  dunes 
to  pH  8.5  on  the  shoregrass  flats.  Salinity  was  low  on  the  coastal  dunes 
and  low  coastal  sands,  marginal  on  the  salty  sands,  and  high  on  the 
shoregrass  flats.  Soils  of  the  shoregrass  flats  would  be  classified  as 
saline.  Both  excesses  and  deficiencies  of  nutrient  elements  occurred 
(Table  4). 

Deficiencies  of  nitrogen,  phosophorus,  and  potassium  ranged  from 
moderate  to  severe  in  these  soils  (Table  4).  Soils  of  all  4  habitats  were 
low  in  organic  matter  and  contained  very  little  nitrogen.  The  low  coas¬ 
tal  sands,  shoregrass  flats,  and  salty  sands  were  deficient  in  phospho¬ 
rus,  but  the  coastal  dune  soils  appeared  to  contain  adequate  amounts 
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of  phosphorus.  Soils  of  the  coastal  dunes,  low  coastal  sands,  and  salty 
sands  were  deficient  in  potassium,  whereas  the  shoregrass  flats 
appeared  to  contain  adequate  potassium.  The  coastal  dunes,  low  coas¬ 
tal  sands,  and  salty  sands  were  neither  deficient  in  nor  contained  exces¬ 
sive  amounts  of  sulfate.  However,  concentrations  of  sulfate  in  soils  of 
the  shoregrass  flats  could  cause  toxicity  to  sensitive  plants.  The  high 
sulfate  content  was  the  result  of  high  salt  content.  None  of  the  soils 
were  deficient  in  calcium  with  the  possible  exception  of  those  from  the 
shoregrass  flats  which  were  characterized  by  a  low  calcium  to  sodium 
ratio  (Table  3).  Although  the  lack  of  an  exchange  fraction  in  these 
soils  made  it  difficult  to  calculate  exchange  capacities,  pseudo  exchan¬ 
geable  magnesium  percentages  (Table  3)  indicated  no  potential  for 
magnesium  toxicity.  Insufficient  understanding  of  the  chemistry  of 
iron  availability  prevented  deficiency  diagnosis  other  than  by  plant 
uptake  and  tissue  assay  which  was  beyond  the  scope  of  this  study. 

Excess  sodium  influences  plant  growth  primarily  by  adversely  affect¬ 
ing  soil  structure  and  increasing  soil  pH.  The  sandy  texture  of  these 
soils  prevented  any  structural  changes.  However,  based  on  the  pseudo 
exchangeable  sodium  percentage  (Table  3)  and  examination  of  fertility 
ratings  for  sodium  (Table  4),  the  coastal  sands  and  low  coastal  dunes 
were  neither  excessive  nor  deficient  in  sodium.  The  shoregrass  flats  and 
salty  sands  contained  excess  sodium  that  could  affect  plant  growth. 

DISCUSSION 

Vegetative  growth  within  all  habitat  types  could  be  limited  by  one  or 
more  elements  with  nitrogen  as  the  major  deficiency.  Salinity  inhibited 
plant  growth  primarily  on  the  salty  sands,  and  to  a  lesser  extent  on  the 
shoregrass  flats.  This  was  reflected  both  in  the  total  number  of  species 
present  (Table  1)  and  in  the  amount  of  ground  cover  (Table  2). 

Based  on  preliminary  indicators,  the  vegetation  on  Padre  Island 
National  Seashore  is  in  an  upward  trend  of  succession  (Kattner,  1973). 
However,  some  of  the  present  vegetation  may  be  climax  species  relative 
to  current  fertility  and  salt  conditions.  Cursory  examination  of  vegeta¬ 
tion  data  collected  during  the  1977  growing  season  (Drawe,  unpub¬ 
lished  data)  indicates  that  the  trend  in  succession  is  still  upward,  but 
that  the  rate  of  change  is  very  slow  as  expected  in  harsh  environments 
where  plants  are  under  physiological  and  nutritional  stress  much  of 
the  time. 

The  climax  vegetation  for  Padre  Island  apparently  is  a  midgrass 
prairie,  but  little  is  known  about  its  potential  climax  communities. 
Although  it  would  be  difficult  to  describe  the  complete  sere  because  of 
the  unstable  nature  of  the  coastal  dunes,  and  because  of  the  changing 
salinity  of  the  shoregrass  flats,  salty  sands,  and  salt  marshes,  regular 
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monitoring  of  species  composition  on  these  areas  will  be  attempted 
over  the  next  several  decades.  Conversely,  from  the  serai  stages  observed 
within  the  most  extensive  type,  the  low  coastal  sands,  it  is  apparent 
that  the  portion  of  Padre  Island  designated  as  a  National  Seashore  may 
slowly  progress  toward  a  mid-  or  even  a  tallgrass  prairie  climax  domi¬ 
nated  by  seacoast  bluestem  ( Schizachyrium  scoparium  var.  littoralis), 
bushy  bluestem  ( Andropogon  glomeratus),  and  gulf  beach  panicum 
(. Panicum  amarum).  Succession  probably  will  be  slow,  inhibited  by  soil 
instability,  high  soil  salinity,  low  soil  fertility,  and  the  high  evapo- 
transpiration  ratio  of  this  harsh  environment. 
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ABSTRACT 

The  authors  test  the  question  “Does  Animalia  (pig  heart)  citrate  synthase  respond  dif¬ 
ferently  to  5,5©-dithiobis  2-nitro  benzoic  acid  (DTNB)  than  Plantae  (grapefruit)  citrate 
synthase)?’’  Citrate  synthase  (EC  4.1.  3.7)  can  be  expected  to  have  evolved  very  conserva¬ 
tively  since  losses  in  its  activity  deprive  the  organism  of  a  very  important  energy  source. 
Some  plants  have  citrate  synthases  which  have  been  reported  to  seemingly  respond  much 
more  to  sulfhydryl  modifying  reagent  than  fungal  and  animal  citrate  synthases,  while 
other  plants’  citrate  synthases  do  not.  This  suggests  a  taxonomic  irregularity  since  the 
Kingdoms  Plantae,  Animalia  and  Fungi  are  believed  to  have  a  common  ancestral  promi¬ 
tochondrion;  and  since  fungal  mitochondria  are  at  least  as  far  removed  from  those  of 
plants  as  plant  mitochondria  are  from  those  of  animals. 

The  experimental  question  used  here  differs  from  that  used  by  others  in  that  inhibi¬ 
tion  is  treated  as  a  multi-component  process.  Previous  evaluations  of  this  matter  by  oth¬ 
ers  were  less  complex  and  led  to  conflicting  results.  When  the  data  is  plotted  as  double 
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reciprocal  plots  a  strong  inhibition  of  grapefuit  citrate  synthase  Vmax  by  DTNB  is 
apparent,  while  this  effect  is  not  apparent  with  pig  heart  citrate  synthase.  At  the  same 
time  the  pig  heart  enzyme  rate,  and  to  a  lesser  extent,  the  grapefruit  enzyme  preparation 
are  slightly  stimulated  by  DTNB  at  lower  oxaloacetic  acid  (OAA)  concentrations.  Since 
the  differential  effect  is  only  easily  apparent  at  saturating  OAA,  the  nature  of  this  effect 
provides  an  explanation  which  reconciles  both  previous  interpretations  of  DTNB  effects 
on  plant  citrate  synthase.  Thus  analysis  supports: 

a)  That  DTNB  inhibition  of  mitochondrial  citrate  synthase  has  taxonomic  signifi¬ 
cance  in  distinguishing  mitochondria  of  the  Kingdom  Plantae  from  the  mitochon- 
dira  of  the  Kingdoms  Animalia  and  Fungi;  and 

b)  That  Fungi  and  Plantae  are  as  distinctly  divergent  as  Animalia  and  Fungi,  with 
respect  to  mitochondrial  evolution. 

The  applied  possibilities  of  these  findings  with  respect  to  agriculture  are  discussed. 

INTRODUCTION 

Citrate  synthase  (EC  4. 1.3.7),  also  known  as  citrus  condensing 
enzyme,  oxaloacetate  transacetase,  and  citrogenase,  catalyzes  the  key 
reaction  in  the  citric  acid  cycle.  Acetyl  coenzyme  A  (acetyl  CoA)  con¬ 
denses  with  oxaloacetate  (OAA)  to  form  citrate  (Stern  and  Ochoa, 
1949),  thus: 

Acetyl-CoA  +  OAA  +  H20 - Citrate  +  CoA-SH  +  H+. 

Citrate  synthase  has  been  found  to  be  associated  with  mitochondria 
in  almost  all  eukaryotic  cells  studies  since  1951  (Ochoa,  et  al .)  The 
unique  properties  of  citrate  synthase  continue  to  be  intensively  investi¬ 
gated  (Stern  and  Ochoa,  1949;  Ochoa,  et  al.,  1951;  Krebs  and  Lowen- 
stein,  1960;  Hiatt,  1962;  Ting  and  Attaway,  1971;  Iredale,  1979;  Talgoy 
et  al.  1979)  This  is  to  be  expected  since  citric  acid  is  biologically  ubiq¬ 
uitous  and  the  reaction  is  the  major  metabolic  event  linking  glycolysis 
to  the  citric  acid  cycle.  The  citrate  synthase  condensation  reaction 
effects  the  entry  of  carbon  in  the  form  of  acetyl  units.  The  control  of 
the  citrate  synthase  reaction  is  a  prime  target  for  modulation  of  the  cit¬ 
ric  acid  cycle  since  it  may  be  the  most  important  rate  limiting  step  in 
the  cycle  (Krebs  and  Lowenstein,  1960).  It  is  also  the  only  enzyme  in 
the  citric  acid  cycle  that  catalyzes  the  formation  of  carbon-to-carbon 
bond. 

An  enzyme  having  a  critical  function  of  this  nature  is  expected  to 
have  evolved  very  conservatively  since  losses  in  its  activity  deprive  the 
organism  of  very  important  energy  functions  (Dayhoff,  et  al.,  1974; 
Greenblatt  and  Sarkissian,  1974;  Margulis,  1974;  Orgel,  1977).  In  plants 
citrate  synthase  has  been  prepared  from  Garcinia  (Dishpande  and 
Ramakrishnan,  (1959),  citrus  (Bogin  and  Erickson,  1965;  Bogin  and 
Wallace,  1966;  Srere  and  Senkin,  1966)  and  mango  fruits  (Srere,  et  al., 
1971),  bean  and  wheat  seedlings,  cauliflower  (Greenblatt  and  Sarkis- 
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sian,  1973a)  and  pea  plants  (Iredale,  1979),  among  others.  Seed  citrate 
synthase  activity  which  has  complex  origin  will  not  be  addressed  here. 
A  comprehensive  review  of  all  sources  of  citrate  synthase  germane  to 
this  paper  was  published  in  1975  (Weitzman  and  Danson,  1975). 

Srere  (Srere.  1965a,  1965b,  1972)  emphasized  the  apparent  diversity  of 
regulation  in  citrate  synthases  from  different  organisms.  Many  plant 
citrate  synthases  are  inhibited  by  DTNB  (Srere,  et  ai,  1971;  Greenblatt 
and  Sarkissian,  1973a,  1973b);  however,  some  are  reported  not  to  show 
this  response  to  DTNB  (Srere,  1965,  1972).  Fungal  and  animal  citrate 
synthases  do  not  appear  to  have  functional  sulfhydryl  groups  that  react 
with  thiol-modifying  reagents  (Srere,  1972;  Weitzman  and  Danson,  1975) 
although  there  may  be  some  exceptions  (Greenblatt  and  Sarkissian, 
1974).  Thus  some  plants  have  citrate  synthases  which  are  seemingly 
similar  in  this  respect  to  fungal  and  animal  citrate  synthases,  while 
other  plants  do  not;  this  suggests  a  taxonomic  irregularity  since  mito¬ 
chondria  are  assumed  to  have  prokariotic  origins  (Margulis,  1974),  and 
the  Kingdoms  Plantae,  Animalia  and  Fungi  are  believed  to  have  a 
common  ancestral  promitochondrion  (Dayhoff,  et  al.,  1974).  In  the 
prokaryotes,  bacterial  citrate  synthase  sensitive  to  sulphydryl  reagent  is 
common  (Talgoy,  et  ai,  1979;  Weitzman  and  Danson,  1975);  and  blue- 
green  algae  ( Coccochloris  elabens  citrate  synthase  is  quite  sensitive  to 
sulfhydryl  reagents  (Greenblat  and  Sarkissian,  1973a).  The  authors  note 
that  blue-green  algae  are  commonly  suggested  as  the  source  of  the  orig¬ 
inal  promitochondrion(s). 

The  rationale  for  this  work  is  to  provide  basic  information  for  agri¬ 
cultural  research,  e.g.  in  the  evolutionary  tree  of  cytochromes  by  Day¬ 
hoff,  et  ai,  1974,  the  fungal  mitochondria  are,  at  least,  as  far  from 
those  of  plants  as  plant  mitochondria  are  from  those  of  animals.  If  this 
is  true,  fungicides  might  be  designed  to  attack  or  damage  citrate  syn¬ 
thase  function  of  fungi  without  influencing  plant  citrate  synthase 
function.  However,  any  such  fungicide  might  have  to  be  specific  or 
rapidly  degradable  to  avoid  harm  to  animal  and  human  citrate  syn¬ 
thases.  A  more  directly  “applied”  motivation  for  this  work  was  to 
investigate  means  of  controlling  the  activity  of  citrate  synthase  (Vines, 
1964;  Vines  and  Metcalf,  1967).  Citric  acid  content  is  the  main  contrib¬ 
utor  to  the  acid  taste  of  fruit  in  the  early  part  of  the  season.  Decreasing 
the  activity  of  citrate  synthase  would  permit  earlier  marketing  of  grape¬ 
fruit  since  grapefruit  is  a  nonclimateric  fruit  and  maturity  is  a  ques¬ 
tion  of  acid/soluble  solids  ratio. 

MATERIALS  AND  METHODS 

Citric  acid  formation  was  confirmed  by  standard  paper  chromato¬ 
graphy  methods  (Buch,  et  ai,  1952).  The  details  of  the  Lineweaver- 
Burk  plots  for  Figs.  1  and  2  are  found  in  the  legends  to  the  respective 
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Figure  1.  Lineweaver-Burk  plots  demonstrating  effects  of  inhibitors  on  grapefruit  citrate 
synthase  activity.  This  figure  shows  the  reciprocal  of  rate  of  grapefruit  citrate 
synthases  plotted  against  the  reciprocal  of  the  acetyl  CoA  concentration.  This 
type  of  plot  is  used  to  resolve  the  kind  of  inhibition  present  as  “competitive  or 
non-competitive.”  The  use  of  acetyl  CoA,  rather  than  oxalacetate  (OAA),  per¬ 
mits  evaluation  of  the  protective  effect  (reversal  of  “competitive”  inhibition)  of 
this  sulfhydryl  containing  substrate  (CoA)  with  sulfhydryl  reagents.  Reaction 
mixtures  contained  saturating  OAA.  Sufficient  0.1  M  Tris-HCl  buffer  at  pH 
8.5  was  added  to  a  total  volume  of  3.0  ml.  Rates  of  reaction  were  determined 
spectrophotometrically.  Rate  of  change  of  absorption  at  233  (Ochoa,  1957, 
extinction  coefficient  of  5.44  X  10-3  M  cm  -1)  was  used  to  calculate  rates  in 
the  absence  of  5,5'-dithio-bis-(2-nitrobenzoic  acid)  (DTNB).  When  DTNB  was 
present  (DTNB  concentration  10  mM),  the  preferred  method  of  Srere,  et.al. 
(1963)  was  used  (change  of  absorption  at  412  nm  and  an  extinction  coefficient 
of  13.6  X  10A3  M"1  cm’1).  When  DTNB  is  used  saturating  OAA  is  0.2  mM. 
Without  DTNB  0.05  mM  is  sufficient.  Inhibitors  were  used  at  50  /uM  (fluoroci- 
trate). 

figures.  A  number  of  inhibitors,  iodoacetic  acid,  L-cysteine,  arsenate, 
DNP,  and  azide,  at  physiologically  active  concentrations  of  1  mM,  were 
found  ineffective  in  inhibiting  citrate  synthase  or  citric  acid  biosynthe¬ 
sis. 

Mitochondrial  Isolation ,  Citrate  Synthase  Preparation 
and  Protein  Determination 

Mitochondria  from  mature  grapefruit  ( Citrus  paradisi  Macf.  c.v. 
March)  prepared  as  previously  described  (Vines,  1968)  were  used  as  the 
source  of  citrate  synthase.  Isolation  and  purification  were  done  follow¬ 
ing  the  method  of  Deshpande  and  Ramakrishnan  (1959).  The  proce- 
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Figure  2.  Lineweaver-Burk  plots  showing  action  of  inhibitors  on  pig  heart  citrate  syn¬ 
thase  at  variable  acetyl  CoA  concentration.  Conditions  of  assay,  reaction  rate 
measurements,  and  inhibitor  concentrations  were  as  in  fig.  1. 

dure  is  outlined  in  Table  1.  Citrate  synthase  was  limited  to  the  mito- 
chondial  fraction  in  contrast  to  malic  dehydrogenase  from  citrus, 
which  is  found  in  both  supernatant  and  mitochondrial  fractions 
(Vines,  1968).  Protein  was  assayed  according  to  a  modification  of  the 
method  of  Sutherland,  et  al.  (1948). 

Assays  For  Citrate  Synthase. 

Reaction  rates  were  determined  by  two  methods.  In  both  methods 
activity  is  expressed  as  fi  mole/min  at  25  C.  The  first  method  used  in 
the  absence  of  DTNB  was  based  upon  the  disappearance  of  actyl-CoA 
(loss  of  thioester  bond  absorption  at  233  nm  (Ochoa,  1957)  [extinction 
coefficient  5.44  X  10-3  X  M-1  cm-1].  The  second  assay  was  done  in  the 
presence  of  DTNB  and  is  based  on  the  reaction  of  CoASH  with  DTNB 
(Ellman’s  reagent  [5,5©  -dithiobis  2-nitrobenzoic  acid])  (Sere,  et  al., 
1963).  When  a  sulfhydryl  compound  such  as  CoASH  reacts  with 
DTNB  a  mercaptide  ion  is  formed.  The  mercaptide  ion  has  a  molar 
absorbancy  index  of  13600  at  412  mm  (13.6  X  10-3  =  M-1  cm-1)  (Srere, 
et  al.,  1963).  The  loss  of  absorbance  is  followed  spectrophotometrically 
at  412  nm.  This  second  assay  has  several  advantages.  It  is  more  sensi¬ 
tive  and  it  can  be  followed  in  a  region  where  the  other  components  do 
not  absorb  light,  thus,  a  wider  range  of  compounds  (except  DTNB 
itself)  can  be  tested.  However,  al  low  enzyme  concentrations,  a  slight 
lag  period  is  observed  (15  sec)  in  this  reaction  (Srere,  et  al.,  1963), 
which  must  be  taken  into  account  when  rates  are  determined. 
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TABLE  1 

Citrate  Synthase  Purification  from  Grapefruit  Mitochondria 


Volume 

(ml) 

Total 

Activity 

(//moles/min) 

Protein 

(mg/ml) 

Specific 

Activity 

(^umoles/min/mg) 

Recovery 

(%) 

Mitochondrial  Acetone 
Powder  Suspension 

136 

537.5 

2.72 

1.45 

Mitochondrial  Acetone 

Powder  Extract 

186 

502.6 

1.26 

2.14 

93.5 

After  Calcium 

Phosphate  Gel 

180 

471.5 

1.03 

10.16 

87.7 

45-60%  Ammonium 

Sulfate 

48 

282.4 

0.52 

11.31 

52.5 

After  Second  Calcium 
Phosphate  Gel 

44 

234.6 

0.36 

14.81 

43.6 

RESULTS  AND  DISCUSSION 

Table  1  shows  the  purification  procedure  for  grapefruit  citrate  syn¬ 
thase.  The  specific  activity  indicates  that  the  enzyme  is  either  not  com¬ 
pletely  purified  or  not  completely  activated.  However,  it  is  necessary  to 
obtain  a  sufficient  yield  of  enzyme  to  attribute  enzyme  characteristics 
found  in  vitro  to  models  of  in  vivo  behavior.  Further  purification 
would  have  denied  the  authors  this  objective.  The  authors  can  compare 
the  specific  activity  of  plant  citrate  synthases  obtained  by  different 
investigators  (Table  2)  from  different  preparations.  Table  2  shows  that 
different  preparations  that  were  reported  sensitive  to  DTNB  inhibition 
were  sensitive  to  DTNB  at  both  lower  and  higher  levels  of  purification 
than  the  grapefruit  citrate  synthase  used  here.  Some  reports  indicate 
that  DTNB  inhibition  of  citrate  synthase  activity  is  time  dependent 
(Srere,  et  ai,  1963;  Talgoy,  et  ai,  1979),  which  may  help  explain 
apparent  variable  response  to  DTNB  of  different  plant  citrate  synthase 
preparations  in  different  laboratories  (Table  2). 

Inhibition  by  DTNB  has  been  proposed  as  a  characteristic  of  plant 
citrate  synthase  unique  among  eukaryotic  kingdoms;  that  is,  DTNB 
inhibition  of  citrate  synthase  is  a  property  of  the  enzyme  from  plant 
mitochondria  not  found  in  the  enzyme  of  the  mitochondria  of  King¬ 
doms  Animalia  or  Fungi.  Greenblatt  and  Sarkissian  (1973)  view  DTNB 
inhibition  as  a  general  property  of  plant  citrate  synthase.  However,  in 
the  first  report  of  this  DTNB  effect,  Srere  (et  ai,  1971)  considers  this 
characteristic  as  a  property  of  certain  but  not  all  plant  citrate  syn¬ 
thases.  Resolution  of  this  point  will  help  quantitize  the  evolutionary 
distances  (Dayhoff,  et  ai,  1974;  Margulis,  1974)  between  the  three 
kingdoms  Plantae,  Animalia  and  Fungi,  their  divergence  and  origins 
of  their  mitochondira. 


TABLE  2 

Comparison  of  Specific  Activity,  Yield  and  Sulfhydryl  Reagent  Sensitivity  of  Plant  Citrate  Synthases 
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e  Assayed  manometrically  with  citrate  as  substrate. 
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It  is  common  in  such  cases  of  conflict  that  if  the  question  itself  is 
carefully  redefined  then  no  conflict  is  found.  The  authors  would  like 
to  redefine  the  question  as:  “Does  Animalia  (pig  heart)  citrate  synthase 
respond  differently  to  DTNB  than  Plantae  (grapefruit  citrate)  syn¬ 
thase?”  Two  representative  enzyme  sources  were  selected.  The  plant 
enzyme  was  prepared  from  grapefruit  since  citrus  citrate  synthases  are 
reported  to  have  little  response  to  DTNB  (Table  2).  The  animal 
enzyme  was  that  of  pig  heart  enzyme  since  it  is  one  of  the  most  fre¬ 
quently  used  sources  of  animal  (Animalia)  citrate  synthase. 

The  experimental  question  used  here  differs  from  that  used  by  others 
since  here  the  inhibition  is  treated  as  a  multicomponent  process.  Pre¬ 
vious  evaluations  of  this  matter  were  less  complex.  The  data  plotted  as 
double  reciprocal  plots  in  Figs.  1  and  2  show  there  is  strong  inhibition 
of  grape-fruit  citrate  synthase  Vmax  by  DTNB.  This  is  indicated  by  an 
increased  value  for  the  y-intercept.  However,  this  effect  is  not  apparent 
with  pig  heart  citrate  synthase.  The  pig  heart  enzyme  rate,  and  to  a 
lesser  extent,  the  grapefruit  enzyme  preparation  are  apparently  slightly 
stimulated  by  DTNB  at  lower  OAA  levels.  Thus,  there  is  a  distinct  dif¬ 
ferential  response  of  Vmax  to  DTNB  between  grapefruit  and  pig  heart 
preparations  at  saturating  acetyl  CoA.  Accordingly,  there  is  a  clear  cut 
difference  between  the  plant  citrate  synthase  and  the  animal  enzyme 
with  respect  to  the  apparent  Vmax  response  to  DTNB  at  saturating 
OAA.  Since  this  effect  of  DTNB  is  only  easily  apparent  at  saturating 
OAA,  the  nature  of  this  effect  provides  an  explanation  which  recon¬ 
ciles  both  previous  interpretations  of  DTNB  effects  on  plant  citrate 
synthase. 

If  the  two  citrate  synthase  enzymes  are  considered  to  be  topological 
entities  existing  as  in  reality  in  three  dimensions,  then  amino  acid 
sequences  and  secondary  structures  can  be  functionally  equivalent,  but 
their  placement  in  space  relative  to  the  “outside”  of  the  enzyme  can  be 
different  (Wright  and  Sanwal,  1971;  Talgoy,  et  al,  1979).  It  would 
seem  that  the  components  of  the  citrate  synthase  structure  that  are  sen¬ 
sitive  to  sulfhydryl  reagents,  such  as  DTNB,  are  more  available  in 
plant  than  in  animal  enzymes.  This  difference  might  have  differential 
survival  value  in  different  situations  and  cell  environments  (such  as 
high  or  low  reducing  conditions)  and  could  hence  have  evolutionary 
significance.  This  difference  may  be  related  to  the  control  of  citrate 
synthase  by  the  plant  hormone  indole  acetic  acid  (IAA)  (Sarkissian, 
1970)  since  the  binding  of  IAA  to  ribulose  bisphosphate  carboxylase  is 
inhibited  by  thiol  reagents  (Wardrop  and  Polya,  1980a,  b).  Thus,  the 
possibility  of  using  these  ideas  to  accelerate  citrus  fruit  “ripening”  by 
controlling  citric  acid  content  merits  further  investigation  (Vines,  1964; 
Vines  and  Metcalf,  1967). 
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ABSTRACT 

Plant  invasion  of  fertilized  and  non-fertilized  plots  on  sandy  dredged  material  was 
monitored  for  1.5  yr.  The  site  was  established  on  an  area  of  dredged  material  with  0.7% 
slope  on  Bolivar  Peninsula,  TX  along  Galveston  Bay.  Species  distribution  appeared  to 
be  controlled  by  elevation.  During  the  first  year  the  number  of  species  and  total  density 
were  greatest  in  the  highest  elevation  tier,  followed  by  the  middle,  and  finally  the  lowest 
tier.  During  the  second  year  density  was  greatest  in  the  lowest  elevation  tier.  When  plant 
invasion  was  determined  by  elevation  zones,  the  greatest  number  of  invading  species 
occurred  at  the  middle  elevations  (1.06-1.22  m)  but  the  highest  density  occurred  at  the 
lowest  elevations.  Ambrosia  psilostachya,  Scirpus  americanus,  and  Cyperus  esculentus 
were  the  most  abundant  species  at  the  end  of  both  the  first  and  second  growing  seasons. 
The  density  of  invading  plants  in  fertilized  plots  was  greater  than  in  the  unfertilized 
plots.  However,  plant  density  in  each  fertilizer  treatment  varied  by  elevation. 

INTRODUCTION 

Plant  succession,  elevational  zones  of  occurrence,  and  environmental 
factors  affecting  plants  have  been  documented  in  natural  coastal 
marshes  (Gabriel  and  De  La  Cruz,  1974;  Chabreck,  1972;  and  Eleute- 
rius,  1972),  wetlands  (Environmental  Laboratory,  1978),  and  dunes 
(Oosting  and  Billings,  1942;  Kurz,  1942;  and  Boyce,  1954).  However, 
occurrence  of  plant  species  on  dredged  material  is  often  different  from 
natural  areas  because  of  the  unique  features  of  dredged  material  dispo¬ 
sal  areas.  The  soil  texture  results  from  the  sedimentation  regime  at  the 
site  of  dredged  material  removal  (Coastal  Zone  Resources  Corporation, 
1976).  At  the  disposal  site,  elevation,  tidal  effects,  soil  and  water  salin¬ 
ity  levels,  slope  of  land,  soil  nutrients,  and  time  of  year  of  deposition 
may  contribute  to  the  type  and  amount  of  plant  colonization. 

The  objective  of  this  study  was  to  document  the  occurrence  of  volun¬ 
teering  plant  species  at  various  elevations  on  bare  sandy  dredged  mate¬ 
rial  during  the  first  and  second  years  of  colonization.  Response  of 
plants  to  fertilizer  treatments  also  was  studied.  This  investigation  was 
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part  of  the  dredged  material  research  program  derived  from  the  1970 
River  and  Harbor  Act. 

DESCRIPTION  OF  AREA 

The  study  site,  7.3  ha  in  size,  was  located  between  Marsh  and  Baffle 
Points  near  the  west  end  of  Bolivar  Peninsula,  TX.  The  site  was 
exposed  to  Galveston  Bay  on  the  north.  A  narrow  land  mass  separated 
the  site  from  the  intracoastal  waterway  at  km  552.  (Webb,  et  al.,  1978) 

Elevation  at  the  site  ranged  from  0.67  m  to  about  3.05  m  above  mean 
sea  level  (msl).  The  tidal  amplitude  was  narrow,  ranging  from  about 
0.23-0.55  m  and  the  mean  was  about  0.30  m.  Although  plants  were 
normally  above  tidal  influences,  tides  can  be  wind  driven  to  0.9  m 
above  msl  (Lankford  and  Rehkemper,  1969)  thus  inundating  plants 
occasionally. 

The  last  disposal  on  the  area  occurred  in  1974.  The  substrate  was  88- 
98%  sand  to  a  depth  of  107  cm.  Total  organic  carbon  was  generally  less 
than  0.2%  of  the  dry  weight  of  the  sediment  except  where  evidence  of 
some  plant  residue  occurred.  Extractable  ammonium  and  orthophos¬ 
phate  were  generally  present  in  low  quantities.  The  pH  values  of  the 
sediments  ranged  from  7. 0-8. 5.  Total  inorganic  nitrogen  in  the  intersti¬ 
tial  water  did  not  exceed  6.14  mg/1.  Total  phosphate  and  orthophos¬ 
phate  concentrations  in  interstitial  water  were  less  than  3.3  and  0.6 
mg/1,  respectively.  Total  dissolved  carbon  ranged  between  2.0  and  9.6 
mg/1  (Dodd,  et  al,  1978). 

Weather  conditions  at  the  site  were  similar  to  Galveston  Island 
located  13  km  to  the  southwest.  The  climate  of  Galveston  is  predomi¬ 
nately  marine,  with  periods  of  modified  continental  influence  during 
winter  months  when  cold  fronts  from  the  northwest  sometimes  reach 
the  coast.  Temperatures  below  O  C  are  recorded  on  an  average  only  4 
times  a  year.  Normal  monthly  maximum  temperatures  range  from 
about  15.6  C  in  January  to  near  31.1  C  in  August  while  minimums 
range  from  about  9.4  C  in  January  to  about  24  C  throughout  the 
summer  season  (NOAA,  1976). 

Normal  rainfall  of  107.2  cm  is  well  distributed  over  the  year.  Rain¬ 
fall  during  the  summer  months  may  vary  greatly  on  different  parts  of 
the  island  since  most  of  it  is.  from  local  thunderstorm  activity.  Winter 
precipitation  comes  mainly  from  frontal  activity. 

Temperature  means  were  1-2  C  below  average  during  January 
through  March  1977.  Otherwise,  temperatures  were  normal  throughout 
the  study  period.  Rainfall  varied  greatly  with  some  months  of  normal 
rainfall  and  others  below  or  above  normal  (NOAA,  1976,  1977).  During 
1976  precipitation  was  8  cm  below  normal  in  August  and  9  cm  above 
in  December.  During  February  and  March  1977  rainfall  was  less  than 
half  normal.  Approximately  13  cm  were  received  in  a  single  24  hr 
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period.  May  rainfall  was  6.5  cm  below  normal.  In  July,  precipitation 
was  5.0  cm  above  normal.  During  other  months  through  October  1977 
precipitation  was  approximately  normal. 

METHODS 

Site  Preparation  and  Experimental  Design 

The  Bolivar  Peninsula  dredged  material  site  was  graded  to  a  specific 
slope  (0.69%)  and  a  fence  was  constructed  around  the  site  to  keep  lives¬ 
tock  out.  At  the  completion  of  slope  grading  on  5  March  1976  no  vege¬ 
tation  remained  in  plots.  A  “rabbit-proof”  fence  constructed  of  45.8  cm 
high  chicken  wire  with  2.5  cm  mesh  openings  was  placed  at  the  base 
of  the  livestock  fence  in  March  1977. 

The  site  was  divided  into  3  elevational  tiers  parallel  to  the  shoreline. 
Each  tier  was  divided  into  4  rows  (Fig.  1).  Three  rows  of  plots  in  each 
tier  were  utilized  for  plant  propagation  while  the  4th  row  was  not 
planted.  This  row  was  utilized  to  document  invading  species  in  each 
tier.  In  addition,  volunteer  species  in  the  lower  tier  grass  plots  were 
counted.  Each  row  was  further  divided  into  3  blocks  (replications)  with 
3  plots  (4  X  15  m)  in  each  replication.  The  3  plots  in  each  replication 
were  utilized  for  2  fertilizer  treatments  and  a  control  (no  fertilizer). 

Fertilizer  Treatments 

Prior  to  preparation  of  the  experimental  plots  for  fertilization,  a 
dense  stand  of  Sesbania  drummondii  on  the  west  portion  of  the  site 
was  removed  by  hand  from  all  plots.  Initial  fertilizer  rates  were:  F0-no 
fertilizer;  Fi-low  rate,  25  kg  N/ha,  and  50  kg  PiOs/ha,  and  40  kg 
K.20/ha;  and  F2-high  rate,  25  kg  N/ha,  100  kg  P20s/ha,  and  80  kg 
K.20/ha.  Initial  application  was  made  on  30  June  1976.  After  trans¬ 
plants  were  established,  a  second  application  was  made  on  27  Sep¬ 
tember  1976.  The  rate  was  Fi-low  rate,  100  kg  N/ha,  and  F2-high  rate, 
200  kg  N/ha.  In  1976  experimental  plots  were  harrowed  with  a  spring¬ 
toothed  harrow  and  the  fertilizer  broadcast  applied.  The  plots  were 
again  harrowed  to  mix  the  fertilizer  with  the  substrate.  The  lower  tier 
was  planted  29  June  to  8  July  1976  with  3  grass  species,  Panicum  ama- 
rum,  Cynodon  dactylon,  and  Andropogon  perangustatus.  A.  perangus- 
tatus  was  replanted  in  January  1977  because  of  poor  survival  in  1976. 
Each  plot  of  P.  amarum  and  C.  dactylon  was  divided  into  2  subplots. 
One  subplot  was  fertilized  while  the  other  was  not.  On  18  January 
1977  phosphorus  was  applied  at  25  and  50  kg/ha  as  P2O5  at  the  Fi  and 
F2  rates,  respectively.  Potassium  was  applied  at  20  and  40  kg/ha  as 
K20.  Nitrogen  was  applied  15  April  1977  as  (NH4)2S04  at  50  and  100 
kg/ha  N  to  Fi  and  F2  plots,  respectively.  Nitrogen  at  50  and  100  kg/ha 
of  N  for  Fi  and  F2  plots,  respectively,  was  again  applied  to  half  of  each 
Cynodon  and  Panicum  plot  on  27-28  July  1977. 
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Sampling 

Sampling  on  6  December  1976  was  accomplished  by  placing  a  1  X  3 
m  quadrat  randomly  in  each  third  of  each  control  plot,  making  a  total 
of  3  samples/plot  (9/block).  Frequency  (%  quadrats  in  which  each  spe¬ 
cies  occurred)  and  density  were  measured.  Plant  species  density  was 
determined  in  the  planted  grass  plot  quadrats  on  2  September  and  6 
December  1976.  On  19  May  1977  nine  0.1  m2  (20  X  50  cm)  quadrats 
were  used  in  each  grass  plot  to  determine  invading  species  density.  In 
November  1977  a  second  determination  with  0.1  m2  quadrats  was  made 
in  unplanted  control  plots.  Three  quadrats  were  utilized  in  each  third 
of  a  plot. 

Elevations  were  taken  in  each  plot  third  and  utilized  to  evaluate 
invasion  in  relation  to  elevation.  Elevations  of  each  plot  were  placed 
into  1  of  5  zones,  <0.92  m,  0.92-1.05  m,  1.06-1.21  m,  1.22-1.36  m,  and  > 
1.36  m.  Plant  invasions  were  reported  by  tier  and  by  elevation  in  1977. 
Gould  (1975a)  was  the  source  of  plant  nomenclature.  A.  perangustatus 
and  unknown  species  were  identified  by  personnel  of  the  Tracy  Herba¬ 
rium  of  Texas  A&M  University. 

RESULTS 

Comparison  of  Plant  Invasion  of  Tiers 

The  number  of  volunteer  plant  species  and  plant  density  were  grea¬ 
test  in  the  unplanted  control  plots  in  the  highest  elevational  tier,  fol¬ 
lowed  by  the  middle  tier,  and  finally  the  lowest  tier  (Table  1).  Density 
was  9.01  plants/m2  in  the  lowest  tier.  The  middle  tier  had  10.74/m2 
and  the  upper  tier  had  11.28/m2.  Chufa  ( Cyperus  esculentus )  had  the 
highest  density  and  frequency  of  all  invading  species  in  unplanted 
plots.  Mean  density,  regardless  of  elevation  for  C.  esculentus,  was  3.96 
plants/m2.  Mean  frequency  was  58.1%.  This  species  occurred  in  all  3 
tiers,  but  both  density  and  frequency  were  greatest  in  the  highest  eleva¬ 
tion  tier.  American  bulrush  ( Scirpus  americanus),  second  in  density, 
was  recorded  in  all  3  tiers  and  in  48.2%  of  quadrats.  Its  greatest  density 
was  in  the  lowest  tier.  Western  ragweed  (Ambrosia  psilostachya)  and 
many  unknown  forb  seedlings  were  found  in  the  middle  and  upper 
tiers.  Seashore  dropseed  ( Sporobolus  virginicus )  and  marshhay  ( Spar - 
tina  patens )  were  frequently  encountered  in  all  tiers.  Members  of  the 
night-shade  ( Solanaceae )  family  were  present  in  some  upper  tier  plots, 
but  they  were  not  recorded  in  any  other  tier.  Most  other  species  were  of 
infrequent  occurrence. 

In  October  1977  higher  plant  density  occurred  in  the  lower  tier 
(154.5  plants/m2)  followed  by  the  middle  tier  (112.6/m2),  and  finally  by 
the  upper  tier  (89.9/m2)  (Table  2).  This  was  a  reversal  of  December 
1976  data.  Density,  elevations  disregarded,  was  approximately  10  times 
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TABLE  1 

Mean  Density  (No/m2)  and  Frequency  (%  Quadrats  in  Which  Species  Occurred)  of 
Volunteer  Plant  Species  in  Each  Tier  of  Unplanted  Control  Plots  in  December  1976. 
Species  were  Arranged  in  Descending  Order  of  Mean  Density.  There  Were  27  Plots  in 

Each  Tier. 


Tier 

Lower 

Middle 

Upper 

Mean 

Density  Freq* 

Density 

Freq 

Density 

Freq 

Density 

Freq 

Species 

(No.m2) 

(%) 

(No/m2) 

(%) 

(No/m2) 

(%) 

(No/m2) 

(%) 

Cyperus  esculentus 

2.37 

48.2 

3.80 

51.9 

5.71 

74.1 

3.96 

58.1 

Scirpus  americanus 

6.19 

51.9 

2.77 

48.2 

2.03 

44.5 

3.66 

48.2 

Ambrosia  psilostachya 

0 

0.0 

1.86 

37.1 

1.89 

29.7 

1.25 

22.3 

Unknown  forbs  (seedlings) 

0 

0.0 

1.28 

37.1 

0.62 

40.8 

0.63 

26.0 

Sporobolus  virginicus 

0.05 

11.2 

0.42 

11.2 

0.26 

18.6 

0.24 

9.9 

Solanaceae  family 

0 

0.0 

0 

0.0 

0.46 

44.5 

0.15 

14.9 

Spartina  patens 

Paspalum  setaceum 

0.14 

14.9 

0.06 

18.6 

0.16 

7.4 

0.12 

13.6 

var.  ciliatifolium 

0.07 

11.2 

0.12 

14.9 

0.01 

3.7 

0.07 

9.9 

Fimbristylis  castaneum 

0.19 

44.5 

0 

0.0 

0 

0.0 

0.06 

14.9 

Sesbania  drummondii 
Cynodon  dactylon 

0 

0.0 

0.15 

14.9 

0.05 

7.4 

0.06 

7.4 

(common  var.) 

0 

0.0 

0.12 

11.2 

0 

0.0 

0.04 

3.7 

Dicanthelium  sp 

0 

0.0 

0.05 

11.2 

0.06 

7.4 

0.04 

6.2 

Tridens  species 

0 

0.0 

0.07 

11.2 

0 

0.0 

0.03 

3.7 

Aristida  longespica 

0 

0.0 

0.03 

7.4 

0.01 

3.7 

0.01 

3.7 

Digitaria  sanguinalis 

0 

0.0 

0 

0.0 

0.03 

3.7 

0.01 

1.3 

Cenchrus  incertus 

0 

0.0 

0 

0.0 

0.01 

3.7 

<0.01 

1.3 

Chenopodium  ambrosioides 

0.01 

3.7 

0 

0.0 

0 

0.0 

<0.01 

1.3 

Lantana  horrida 

0 

0.0 

0 

0.0 

0.01 

3.7 

<0.01 

1.3 

Total  No/ha 

9.01 

10.74 

11.28 

10.35 

•Percent  of  plots  (1X3  m2)  in  which  each  species  was  recorded. 


higher  in  October  1977  than  in  December  1976.  Eighteen  volunteer 
species  were  recorded  in  1976  and  27  in  1977. 

In  October  1977  frequency  of  occurrence  was  again  high  for  C.  escu- 
lentus  (44.4%),  regardless  of  elevation  (Table  2).  Frequency  for  S.  ame- 
ricanus  was  60.6%  in  the  lower  tier,  46.0%  in  the  middle,  and  only 
16.0%  in  the  upper  tier.  A.  psilostachya  increased  in  frequency  with 
each  higher  tier  (29.6,  41.9  and  45.6%,  respectively).  S.  virginicus,  S. 
patens,  Solanum  spp.,  and  Fimhristylis  castaneum  were  most  frequent 
in  the  lowest  tier. 

Comparison  of  Elevational  Zones 

After  grading,  runoff  from  the  upland  surrounding  the  site  resulted 
in  both  erosion  and  deposition.  This  resulted  in  elevation  changes  of 
6.1-36.6  cm.  Frequency  of  species  occurrences  and  density  of  plants 
apparently  were  directly  related  to  elevation.  When  the  density  and  fre- 
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TABLE  2 

Mean  Density  (No/m2)  and  frequency  (%  Quadrats  in  Which  Species  Occurred)  of  Volun¬ 
teer  Plant  Species  in  Each  Tier  of  Unplanted  Control  Plots  in  October  1977.  Quadrats 
Were  0.1  m2  in  Size  With  81  Quadrats  in  Each  Tier. 


Tier 

Lower 

Middle 

Upper 

Mean 

Density 

Freq 

Density 

Freq 

Density 

Freq 

Density 

Freq 

Species 

(No/m2) 

(%) 

(No/m2) 

(%) 

(No/m2) 

(%) 

(No/m2) 

(%) 

Cyperus  esculentus 

26.9 

44.4 

20.0 

45.6 

12.7 

39.5 

19.9 

44.4 

Scirpus  americanus 

54.9 

50.6 

15.3 

46.0 

2.7 

16.0 

24.3 

33.3 

Ambrosia  psilostachya 

9.4 

29.6 

37.3 

41.9 

31.7 

45.6 

26.1 

39.1 

Sporobolus  virginicus 

19.0 

23.4 

6.7 

13.5 

1.2 

6.1 

9.0 

14.4 

Solanaceae  family 

0.4 

3.7 

1.1 

11.1 

2.2 

14.8 

1.2 

9.8 

Spartina  patens 

5.8 

23.4 

2.2 

12.3 

2.8 

7.4 

3.6 

14.4 

Paspalum  setaceum 

0.3 

2.4 

0.5 

2.4 

0 

0.0 

0.3 

1.6 

Fimbristylis  castaneum 

3.3 

18.5 

0.6 

6.1 

0.5 

3.7 

1.5 

9.4 

Sesbania  drummondii 

0 

0.0 

0.3 

2.4 

0.4 

3.7 

0.2 

2.0 

Cynodon  dactylon 

0 

0.0 

0.1 

1.2 

0.3 

2.4 

0.1 

1.2 

Aristida  longespica 

0 

0.0 

7.0 

19.7 

5.7 

17.2 

4.2 

12.3 

Chenopodium  ambrosioides 

4.0 

16.0 

3.2 

14.8 

9.8 

14.8 

5.6 

15.2 

Cassia  fasciculata 

0.1 

1.2 

0.1 

0.0 

0.1 

1.2 

0.1 

0.8 

Croton  punctatus 

0.1 

1.2 

0.3 

0.0 

0.3 

? 

0.1 

2.4 

Eragrostis  secundiflora 

0.1 

8.0 

1.2 

9.0 

2.1 

12.0 

1.5 

10.0 

Eragrostis  spectabilis 

0.1 

1.0 

3.7 

8.0 

2.2 

12.0 

2.4 

7.0 

Erigeron  myrionactis 

0.6 

6.0 

6.4 

19.0 

5.4 

21.0 

4.2 

15.0 

Eupatorium  compositi folium 

0 

0.0 

0 

0.0 

0.3 

2.0 

0.1 

0.8 

Euphorbia  ammanioides 

0.1 

1.2 

1.0 

3.7 

0.3 

1.2 

0.5 

2.0 

Eustachys  petraea 

1.6 

9.8 

1.2 

8.6 

1.0 

6.1 

1.3 

8.2 

Heliotropium  curassavicum 

0.3 

2.4 

0.5 

2.4 

0 

0.0 

0.3 

1.6 

Heterotheca  subaxillaris 

0 

0.0 

1.9 

4.9 

1.6 

13.5 

1.2 

6.1 

Physalis  viscosa 

0 

0.0 

0 

0.0 

1.2 

9.8 

0.4 

3.3 

Psoralea  rhombifolia 

0 

0.0 

0 

0.0 

0.1 

1.2 

0.1 

0.4 

Sesuvium  portulacastrum 

0.1 

1.2 

0 

0.0 

0 

0.0 

0.1 

0.4 

Triplasis  purpurea 

0.3 

2.4 

0.9 

6.1 

2.4 

13.5 

1.2 

7.4 

Unknown  grasses 

27.2 

3.7 

1.1 

3.7 

0 

0.0 

9.4 

2.4 

Total 

154.5 

112.6 

86.9 

118.7 

quency  of  invading  plants  were  separated  into  5  elevational  zones 
based  on  elevations  regardless  of  tier,  the  greatest  density  (205.3/m2)  of 
plants  but  the  fewest  species  (8)  occurred  at  the  lowest  elevation  (<0.92 
m)  (Table  3).  Mean  density  of  combined  species  declined  with  increas¬ 
ing  elevation  except  for  the  0.92-1.05  m  zone.  The  2  middle  elevational 
zones  (1.06-1.21  m,  1.22-1.36  m)  had  the  greatest  number  of  invading 
species  (22  species).  Density  was  approximately  165/m2.  At  the  highest 
elevations  density  was  only  43  plants/m2,  with  19  species  occurring. 

The  high  density  at  low  elevations  was  largely  attributable  to  S. 
americanus.  S.  americanus  density  was  greatest  at  the  lower  elevations 
(128.8/m2  at  elevations  below  0.92  m  and  86.5/m2  at  0.92-1.05  m)  and 
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declined  with  increasing  elevation.  However,  frequency  was  58.9%  at 
elevations  less  than  0.92  m  and  84.6%  at  elevations  from  0.92-1.05  m.  A. 
psilostachya  had  the  greatest  total  number  of  plants  regardless  of  eleva¬ 
tion  (see  Table  2  for  mean),  despite  the  greater  density  of  other  species 
at  lower  elevations.  This  occurred  because  of  the  great  frequency 
(67.9%)  and  density  (48.0/m2)  of  A.  psilostachya  at  the  1.06-1.21  m  ele¬ 
vation  followed  by  the  1.22-1.36  m  zone  (52.0%  frequency  and  40.2/m2). 
These  elevation  zones  contained  131  plots  while  the  lower  elevations 
with  their  large  density  of  S.  americanus  and  S.  virginicus  included 
only  43  plots. 

Density  and  frequency  of  C.  esculentus  were  high  at  elevations  above 
1.06  m  and  low  at  elevation  below  1.06  m.  However,  density  and  fre¬ 
quency  in  the  1.22-1.36  m  zone  were  lower  than  in  the  elevation  zones 
above  or  below.  At  elevations  above  1.36  m,  62%  of  quadrats  contained 
C.  esculentus . 

S.  virginicus  density  and  frequency  were  greatest  at  the  lowest  eleva¬ 
tion  (53.5  plants/m2  and  58.7%  frequency)  followed  by  the  0.92-1.06  m 
zone.  Above  1.06  m  in  elevation,  density  and  frequency  declined.  Above 
1.36  m  this  species  did  not  occur.  Since  S.  virginicus  reproduces  by  rhi¬ 
zomes,  individual  plants  were  difficult  to  determine.  Dense  clumps 
were  assumed  to  be  separate  plants  from  which  rhizomes  extended. 

Chenopodium  ambrosioides  occurred  only  above  1.06  m  but  density 
declined  from  a  peak  of  16.4  plants/m2  in  the  1.22-1.36  m  zone  to 
2.5/m2  above  1.36  m.  Aristida  longespica  was  not  recorded  below  an 
elevation  of  1.06  m.  It  was  recorded  most  frequently  in  the  1.06-1.36  m 
elevation  range.  Erigeron  myrionactis  occurred  at  generally  the  same 
elevations  as  A.  longespica.  S.  patens  occurred  at  all  elevations  below 
1.36  m.  Eragrostis  spectabilis  and  E.  secundiflora  were  found  primarily 
in  the  middle  elevation  zones.  However,  some  plants  were  recorded 
above  1.36  m.  F.  castaneum,  a  frequently  encountered  sedge,  had  its 
greatest  frequency,  16.1%,  in  the  1.06-1.22  m  zone.  Eustachys  petraea 
was  also  encountered  in  the  middle  elevational  zones.  Solanum  elaeag- 
nifolium,  Heterotheca  subaxillaris,  and  Euphorbia  ammanioides  were 
restricted  in  occurrence  to  elevations  above  1.06  m.  Triplasis  purpurea 
also  was  found  primarily  at  the  upper  elevations  but  with  occasional 
lower  elevational  plants. 

The  remaining  species  were  infrequent  invaders  with  density  less 
than  1/m2.  Except  for  Heliotropium  curassavicum  and  Paspalum  seta- 
ceum  which  occurred  at  all  elevations,  all  remaining  species  were 
recorded  above  1.06  m. 

Comparison  of  Fertilizer  Treatments 

There  was  an  increase  in  the  overall  mean  volunteer  plant  density  in 
unplanted  plots  in  response  to  fertilizer  treatments  in  October  1977.  A 
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TABLE  4 

Density  (No/m2  )  of  All  Volunteer  Plants,  Regardless  of  Species,  at  Each  Elevation  and 
Fertilizer  Treatment  in  October  1977 


Elevation  (m) 

Fertilizer 

<0.92 

0.92-1.05 

1.06-1.21 

1.22-1.36 

>1.36 

Mean3 

0 

230.0 

126.5 

97.2 

95.2 

21.4 

85.9 

1 

356.7 

200.0 

126.7 

170.0 

51.7 

126.2 

2 

112.0 

— 

232.1 

90.5 

53.9 

142.7 

Mean 

Number  invading 

205.3 

143.5 

163.1 

106.8 

43.0 

1 18.3b 

species 

8 

9 

22 

22 

19 

26 

aAnova  F-test  significant  at  P<0.10  for  differences  in  density  of  plants  at  each  fertilizer 
level  (elevations  combined). 

bAnova  F-test  significant  at  P<0.001  for  differences  in  density  of  each  elevation  (fertilizer 
levels  combined). 


mean  of  over  125  plants/m2  was  recorded  at  both  Fi  and  F2  fertilizer 
rates,  regardless  of  elevation.  In  contrast,  only  85.9  plants/m2  occurred 
in  F0  plots  (Table  4).  However,  volunteer  plant  response  to  fertilizer 
treatments  varied  with  elevation.  At  elevations  less  than  0.92  m  and 
1.22-1.36  m,  the  greatest  density  occurred  at  the  Fi  level  of  fertilizer 
application.  However,  at  1.06-1.21  m  and  at  elevations  greater  than 
1.36  m  lowest  density  occurred  in  F0  treatments  and  the  highest  in  F2. 

Density  of  individual  species  appeared  to  respond  differently  to  fer¬ 
tilizer.  A.  psilostachya  and  C.  ambrosioides  increased  with  increasing 
fertilizer  rates  (Table  5).  Density  of  A.  longespica  increased  at  the  F2 
level  while  the  Fi  level  was  actually  lower  than  F0.  C.  esculentus  den¬ 
sity  in  Fi  and  F2  treatments  increased  almost  4  fold  over  F0  plots,  but 
no  differences  between  Fi  and  F2  plots  were  observed.  E.  myrionactis 
density  was  greater  in  Fi  plots  than  either  F0  or  F2  treatments.  S.  ame- 
ricanus  density  was  highest  in  Fi  plots  followed  by  F0  plots.  S.  virgini- 
cus  was  lower  in  F2  plots  than  F0  and  Fi. 


Plant  invasion  of  Grass  Plots 

The  density  of  volunteer  plants  (all  species  combined)  in  grass  plots 
on  6  December  1976  was  greater  in  A.  perangustatus  plots  (5.6/m2) 
than  Panicum  amarum  (0.9/m2)  or  C.  dactylon  (0.4/m2)  plots.  Volun¬ 
teer  plant  density  in  A.  perangustatus  plots  increased  from  2.5/m2  in 
September  to  5.6/m2  in  December  1976.  In  contrast,  the  density 
remained  about  the  same  in  P.  amarum  and  C.  dactylon  plots.  The 
mean  number  of  volunteer  plant  species  in  all  grass  plots  was  less  than 
1/m2  in  all  3  rows  of  grass  plots  in  December  1976. 

In  December  1976  there  were  some  slight  differences  in  number  of 
species  as  a  result  of  fertilizer  treatments.  In  A.  perangustatus  plots  the 
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TABLE  5 

Density  (No/'m2)  in  October  1977  of  Major  Volunteer  Species  (Density  Greater  Than 
6/m2  in  at  Least  One  Fertilizer  Treatment) 


Species 

Fertilizer  Treatment 

F0 

F, 

f2 

Ambrosia  psilostachya a 

15.2±3.6b 

30.0+5.6 

33.2+5.7 

Aristida  longespica 

3. 5+1. 6 

2.7+1. 0 

6.5+2. 0 

Chenopodium  ambrosioides 

2.5±1.4 

2.7+0.7 

11.7+7.4 

Cyperus  esculentus c 

6.9+1. 4 

27.0+4.0 

25.7+4.6 

Erigeron  myrionactis 

3.2+1. 3 

6.3+1. 7 

3.0+1. 0 

Scirpus  americanusd 

28.4+7.0 

30.5+9.0 

14.1+3.6 

Sporobolus  virginicus 

10.0+2.6 

10.4+4.2 

6.5±2.8 

Total 

69.6 

82.2 

100.7 

aAnova  F-test  significant  (P<0.05)  for  differences  between  fertilizer  treatments. 
bStandard  error  of  mean. 


cAnova  F-test  significant  (P<0.001)  for  differences  between  fertilizer  treatments. 
dAnova  F-test  significant  (P<0.10)  for  differences  between  fertilizer  treatments. 


lowest  species  density  (0.4/m2)  was  in  F0  plots  and  the  highest  (0.8)  was 
in  F2  plots.  The  Fi  treatments  of  P.  amarum  resulted  in  slightly  greater 
numbers  of  species  (0.4/m2)  than  F0  or  F2  plots  (0.3/m2).  For  C.  dac- 
tylon,  plots  that  received  fertilizer  treatments  were  greater  in  species 
density  (0.2/m2  than  unfertilized  plots  (0.1/m2). 

The  density  of  volunteer  plants  in  May  1977,  regardless  of  species, 
was  greater  in  plots  of  C.  dactylon  and  P.  amarum  refertilized  in  1977 
than  plots  fertilized  in  1976  only.  Mean  density  was  4.1  plants/m2  for 
plots  fertilized  only  in  1976  and  6.5/m2  in  C.  dactylon  plots  refertilized 
in  1977.  Density  was  3.4  plants/m2  in  plots  fertilized  only  in  1976  and 
10.2/m2  in  1977  refertilized  plots  of  P.  amarum. 

Density  of  invading  plants  in  May  1977  in  refertilized  C.  dactylon 
plots  increased  with  increasing  fertilizer  rates.  The  density  increased 
from  0.5/m2  in  F0  plots  to  4.3/m2  in  Fi  plots  and  to  14.7/m2  in  F2 
plots.  This  trend  was  not  evident  in  P.  amarum  plots  where  volunteer 
plant  density  was  approximately  the  same  regardless  of  fertilizer  rate. 

DISCUSSION 

Volunteer  plants  probably  were  prevented  from  growing  in  many  C. 
dactylon  plots  by  the  thick  foliage  cover  that  developed  (Webb,  et  ai, 
1980).  In  contrast,  the  open  nature  of  the  P.  amarum  plots  permitted 
more  invasion.  Because  of  the  failure  of  A.  perangustatus  to  survive, 
many  invading  plants  established  in  those  plots. 

Apparently,  the  fertilizer  treatments  promoted  establishment  of 
invading  plants  since  invaders  were  more  numerous  in  fertilized  than 
unfertilized  plots  of  C.  dactylon,  P.  amarum,  and  unplanted  plots. 
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When  ground  cover  for  erosion  control  is  the  primary  objective,  the 
addition  of  fertilizers  may  effectively  provide  that  cover.  However,  the 
species  volunteering  may  not  be  desirable  for  all  land  use  alternatives. 
This  would  be  true  if  grazing  or  the  development  of  a  specific  wildlife 
habitat  was  the  objective.  Transplanted  species  such  as  C.  dactylon  and 
P.  amarum  compete  successfully  with  natural  invading  species  (Webb, 
et  ai,  1980).  Therefore,  if  specific  cover  types  are  desired,  selected  spe¬ 
cies  should  be  transplanted. 

Elevation  played  a  critical  role  in  plant  invasion.  Lower  areas  (<0.92 
m)  were  flooded  at  least  once  by  saline  tidal  water.  However,  the 
apparent  effect  on  plants  by  the  salt  in  the  tidal  water  appeared  to  be 
only  temporary.  During  the  second  growing  season  these  lower  areas 
had  fewer  volunteer  species  but  greater  plant  density  than  higher  eleva¬ 
tions.  Two  volunteer  species,  S.  americanus  and  S.  patens,  were  most 
dense  at  lower  elevations.  These  species  can  be  considered  salt  marsh 
species.  However,  S.  patens  is  also  a  common  dune  plant  as  well  as 
marshland  species  (Gould,  1975b).  Therefore,  the  high  density  at  low 
elevations  and  decreasing  density  with  increasing  elevation  seems 
appropriate  for  these  2  species.  The  high  density  at  low  elevations  for 
S.  virginicus  does  not  seem  to  agree  with  its  description  as  a  dune  spe¬ 
cies  (Gould,  1975b),  but  moist  sandy  areas  do  seem  to  be  preferred  hab¬ 
itat  (Webb,  pers.  notes). 

Few  invading  plants  survived  at  the  highest  elevations  (1.22  —  >1.36 
m)  with  its  concomitant  dry  soil  conditions.  Some  of  these  species, 
Physalis  viscosa,  C.  dactylon,  Eupatorium  compositifolium,  and  Psora- 
lea  rhombifolia,  appeared  restricted  to  the  highest  elevations.  P.  viscosa 
and  P.  rhombifolia  are  typical  dry  wasteland  species.  The  restricted 
occurrence  of  the  other  2  species  seems  unusual. 

The  largest  number  of  volunteer  species  and  the  greatest  density 
occurred  at  the  middle  elevations  (1.06-1.36  m).  This  elevation  appar¬ 
ently  was  characterized  by  a  soil  moisture  regime  and  other  environ¬ 
mental  parameters  best  suited  to  support  a  large  number  of  species. 
Many  plant  species  occurred  at  high  and/or  low  elevations  while  their 
greatest  density  was  at  the  middle  elevations.  For  example,  C.  esculen- 
tus  occurred  at  all  elevations  but  was  most  dense  at  the  middle  to  high 
elevations.  Although  commonly  occurring  in  shallow  ponds  and  lakes, 
it  is  able  to  occur  over  a  wide  elevational  range  (Correll  and  Correll, 
1975).  The  occasional  salt  water  inundations  may  have  prevented  its 
greater  occurrence  at  low  elevations.  A.  psilostachya  appeared  to 
require  the  mesic  habitat  of  the  middle  elevations. 

Extremely  wet  areas  along  with  dry  areas  were  the  least  productive  in 
terms  of  plant  density.  Consequently,  elevations  at  which  plants  can 
invade  and  establish  successfully  on  sandy  dredged  material  may 
depend  on  the  slope  characteristics  and  topography  of  the  area.  Soil 
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moisture  appeared  to  be  a  critical  factor  in  this  dredged  material  site. 
Salinity  did  not  appear  to  be  a  factor  in  this  study  except  at  the  lowest 
elevations. 


CONCLUSIONS 

A.  psilostachya  had  the  largest  total  number  of  plants.  It  occurred 
most  often  at  the  middle  elevations.  S.  americanus  had  the  greatest 
density  in  lower  elevation  plots.  S.  virginicus  occurred  most  frequently 
at  lower  elevations.  C.  esculentus  appeared  to  have  the  broadest  range 
of  tolerance  but  was  most  frequent  and  dense  at  the  higher  elevations 
(>1.06  m).  S.  patens,  another  species  of  high  density  and  frequency, 
was  most  dense  at  lower  elevations. 

Plant  density  increased  in  response  to  fertilizer  applications.  How¬ 
ever,  number  of  plants  in  each  fertilizer  treatment  varied  by  elevation 
and  species.  This  indicated  that  individual  species  responded  differ¬ 
ently  to  fertilizer  application.  To  an  extent  this  response  reflected  ele¬ 
vation  and  soil  moisture  changes  associated  with  differences  in  eleva¬ 
tion. 

Natural  invasion  of  upland  sandy  dredged  material  areas  should 
occur  with  the  proper  environmental  conditions.  The  invaders  proba¬ 
bly  will  provide  adequate  temporary  ground  cover  to  prevent  wind  and 
water  erosion.  However,  species  that  invade  may  not  be  the  most 
desirable  plants  for  desired  biomass  production,  habitat  development, 
and  overall  management  objectives.  If  attributes  in  addition  to  erosion 
control  are  needed,  transplantation  of  selected  species  may  be  necessary. 
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ABSTRACT 

Physical  characteristics,  population  estimates,  age  estimation  techniques,  and  repro¬ 
duction  were  determined  for  white-tailed  deer  on  St.  Croix,  Virgin  Islands.  The  physical 
condition  of  deer  indicated  they  were  healthy  with  little  body  fat.  Reproduction  appeared 
good.  When  ovulation  incidence  X  fertilization  frequency,  embryo  counts,  and  fawn 
production  were  substituted  into  a  population  increase  formula,  estimates  of  annual 
population  increase  by  each  method  (33.1,  40.0,  and  33.9%,  respectively)  were  similar.  Dry 
eye  lens  weights  and  age  determination  from  development  and  wear  of  teeth  appeared  to 
be  the  best  measurements  for  use  in  a  regression  equation  for  age  estimation. 

INTRODUCTION 

During  a  tick  ( Boophilus  microplus)  eradication  program  on  St. 
Croix,  U.S.  Virgin  Islands  from  1971  to  1973  biological  data  for  use  in 
a  management  program  were  collected  from  deer.  The  deer,  which  are 
not  native  to  the  Virgin  Islands,  may  have  been  introduced  in  1790  by 
a  schooner  trading  between  the  West  Indies  and  the  Americas  (Beatty, 
1944).  Smith  (1840)  reported  that  deer  were  abundant  in  1840.  Deer 
specimens  were  identified  as  white-tailed  deer  Odocoileus  virginianus 
(Seaman,  1966). 

The  study  objectives  were  to  determine  the  reproductive  cycle  (Webb 
and  Nellis,  1980),  reproduction,  population  size,  age  class  categories, 
and  physical  characteristics  of  the  deer  of  St.  Croix  so  that  proper 
management  of  the  deer  could  be  implemented.  Since  determination  of 
reproduction,  age  class  categories,  and  physical  characteristics  by  age 
classes  depends  on  accurate  age  determination,  methods  of  age  estima¬ 
tion  were  tested. 

STUDY  AREA 

Having  an  area  of  22,015  ha,  St.  Croix  lies  directly  in  the  belt  of 
easterly  trade  winds  at  latitude  17°  N  and  longitude  64°  W.  The  mari¬ 
time  tropical  climate  is  characterized  by  fair  weather,  steady  winds,  and 


1  Present  address:  Texas  A&M  University  at  Galveston,  TX  77550. 
Accepted  for  publication:  May  15,  1980 
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slight  seasonal  and  diurnal  variations  in  temperature  from  about  20  C 
to  about  32  C  annually. 

St.  Croix  is  characterized  by  a  mountainous  area  in  the  north  with  a 
highest  elevation  of  350  m  and  a  rolling  plain  on  the  southwest  end. 
The  eastern  half  of  the  island  is  mountainous  also,  but  the  elevation  is 
not  as  high  and  there  is  no  coastal  plain.  The  mountainous  areas  are 
covered  with  second  generation  regrowth  consisting  of  brush,  trees  and 
shrubs  except  where  pasturelands  have  been  maintained  and  houses 
constructed.  The  coastal  plain  to  the  south  is  covered  with  semi-arid 
vegetation  composed  of  shrubs,  grasses,  small  drought  resistant  trees, 
and  some  cacti  (Soil  Survey,  1970). 

The  orographic  effect  of  the  island  on  the  rainfall  pattern  is  signifi¬ 
cant,  producing  a  cline  of  rainfall  from  less  than  25  cm  annually  at  the 
east  end  to  greater  than  127  cm  annually  at  the  western  end  of  the 
northern  mountain  range.  There  are  no  sharply  defined  wet  or  dry  sea¬ 
sons  on  the  island,  but  the  period  from  late  January  through  July  is 
normally  drier  than  the  remainder  of  the  year  (Bowden,  1970). 

METHODS 

Deer  were  randomly  collected  at  night  from  four-wheel  drive  vehicles 
using  rifles  and  spotlights.  In  April  1973  estimates  of  the  population 
were  summed  from  small  area  estimates  made  by  different  individuals 
during  spotlighting  trips.  Standard  body  measurements  and  weights 
were  taken  on  each  deer.  Measurements  were  used  in  regression  ana¬ 
lyses  to  determine  their  use  in  age  estimation.  Age  determinations  by 
dental  age  (degree  of  tooth  development  and  wear)  were  made  using 
the  techniques  of  Severinghaus  (1949).  Dry  eye  lens  weights  were 
determined  utilizing  whole  eyes  placed  in  individual  jars  (Lord,  1959) 
filled  from  a  pre-mixed  10  gal  jar  of  10%  formalin.  This  procedure 
avoided  variability  in  formalin  concentration  that  might  affect  eye  lens 
weight. 

The  best  regression  equation  for  age  estimates  was  determined  by 
simple  linear  and  multiple  regression  models  using  body  weight,  dry 
eye  lens  weight,  total  body  length,  height  at  shoulder,  and  hind  foot 
length  as  the  independent  variables  with  dental  ages  as  the  dependent 
variable.  Each  variable  was  analyzed  by  regression  analyses  for  all  age 
deer  for  which  eye  lens  weight  was  available  (N=55)  and  deer  estimated 
by  dental  age  to  be  under  18  mo  of  age  (N=29).  Age  estimation  tech¬ 
niques  were  chosen  for  each  age  group  based  on  statistical  significance 
of  regression  equations.  Subsequent  work  was  based  on  ages  deter¬ 
mined  by  these  techniques. 

Uteri  were  checked  for  fetuses.  Ovaries  were  examined  for  corpora 
lutea.  Ovulation  incidence,  fertilization  frequency,  and  relative  produc¬ 
tivity/doe  were  calculated  for  does  over  10  mo  of  age.  Ovulation  inci- 
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dence  was  determined  by  dividing  the  number  of  corpora  lutea  by  the 
number  of  adult  does  examined.  By  multiplying  the  ovulation  inci¬ 
dence  by  the  fertilization  frequency  (number  of  embryos  divided  by  the 
number  of  does  examined),  the  estimated  fawn  production/adult  doe 
was  determined  (Cheatum,  1949). 

Rate  of  increase  of  the  deer  herd  on  St.  Croix  was  determined  by 
Kelker’s  (1947)  formula:  r  =  1  +  fy  where  r  =  rate  of  increase,  f  =  % 
mature  females  of  all  adults,  and  y  =  average  number  of  young/mature 
female.  Two  different  values  were  substituted  for  y:  (1)  the  number  of 
fetuses/female  over  18  mo  of  age,  and  (2)  the  product  of  the  ovulation 
incidence  multiplied  by  the  fertilization  frequency.  The  yearly  rate  of 
production  also  was  estimated  by  separating  the  entire  sample  (N=112) 
into  age  classes  and  estimating  the  percent  in  the  juvenile  (fawn)  class. 
Age  class  categories  were  formed  to  determine  the  population  age 
structure. 


RESULTS 

Physical  Characteristics 

Bucks  and  does  were  generally  similar  in  weight  up  to  17  mo  of  age. 
However,  mature  bucks  averaged  45  kg  while  mature  does  averaged 
only  35  kg  (Table  1).  Bucks  normally  produced  antlers  at  5-8  months 
and  3.5  cm  spikes  by  8-9  months.  Bucks  over  24  mo  of  age  averaged  8 
points  by  Eastern  count.  Deer  appeared  healthy  with  usually  little  fat 
on  the  body.  Physical  characteristics  of  the  deer  were  generally  similar 
to  those  of  Seaman  (1966).  He  reported  buck  weights  from  23.6-41  kg 
and  doe  weights  of  26-33.6  kg.  The  heaviest  buck  reported  by  Seaman 
(1966)  was  51.5  kg. 

Population  Estimates 

Population  estimates  varied  from  320-1050  deer  with  an  average  of 
400.  The  population  was  considerably  less  than  the  1924  peak  popula¬ 
tion  estimate  of  3000  (Beatty,  1942).  Deer  populations  have  been  low 
since  the  1938-41  cattle-fever  tick  eradication  program,  when  an 
attempt  was  made  to  remove  all  deer.  Beatty  (1944)  reported  a  census  of 
600  deer  in  1942. 

Age  Determination 

Tooth  eruption  patterns  appeared  to  be  the  same  as  described  by 
Severinghaus  (1949).  Size,  weight,  and  antler  growth  patterns  of  deer 
also  appeared  to  coincide  with  dental  age.  Therefore,  deer  were  placed 
into  weekly  or  monthly  age  categories  based  on  tooth  eruption  pat¬ 
terns.  With  the  replacement  of  the  third  premolar  at  18-20  mo,  age 
estimates  by  tooth  eruption  patterns  became  increasingly  more  diffi¬ 
cult.  Tooth  wear  was  the  only  means  of  estimating  deer  age  by  dental 
examination  after  completion  of  tooth  eruption  at  23  mo.  The  small 


TABLE  1 

Average  Physical  Measurements  (X)  and  Weights  by  Age  Class  of  Male  and  Female  St.  Croix  Deer 
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size  of  these  deer  made  height  of  the  teeth  a  useless  technique  as  com¬ 
pared  to  the  Severinghaus  (1949)  method. 

In  simple  linear  regression  models  in  which  dental  age  was  the 
dependent  variable,  all  regression  values  were  highly  significant 
(N=55,  P  <  0.005).  However,  during  multiple  regression  analysis  using 
all  five  independent  variables,  only  the  partial  coefficient  for  eye  lens 
weight  was  significant  (P  <  0.0005).  Stepwise  and  backward  elimina¬ 
tion  procedures  (Draper  and  Smith,  1966)  at  P  <  0.10  level  of  signifi¬ 
cant  retained  only  body  weight,  eye  lens  weight,  and  total  length  in  the 
equation.  Thus,  these  3  variables  were  included  in  a  multiple  regres¬ 
sion  equation.  Eye  lens  weight  and  total  length  were  highly  significant 
(P  <  0.05).  Body  weight  was  not  significant  at  P  <  0.10.  Based  on  these 
results  only  dry  eye  lens  weight  and  total  length  seemed  feasible  to  use 
in  estimating  the  age  of  deer  of  all  ages. 

When  a  simple  linear  regression  for  each  independent  variable  was 
conducted  for  deer  estimated  to  be  over  18  mo  of  age,  only  eye  lens 
weight  was  highly  significant  (P<0.005).  Body  weight  was  significant 
at  P<0. 10.  Therefore,  for  deer  over  18  mo  of  age,  the  regression  equa¬ 
tion  of  eye  lens  weight  vs.  tooth  development  and  wear  appeared  to 
have  the  best  fit  and  was  the  most  reliable  of  the  equations. 

When  a  simple  linear  regression  for  each  independent  variable  was 
run  for  deer  under  18  mo  of  age,  body  weight,  eye  lens  weight  and 
total  length  were  highly  significant  (P<0.005).  Hind  foot  length  and 
height  at  shoulder  were  significant  at  P<0.05.  The  correlation  coeffi¬ 
cient  for  each  variable  was:  body  weight  =  0.86,  eye  lens  weight  =  0.97, 
total  length  =  0.61,  hind  foot  =  0.40,  and  height  at  shoulder  =  0.67. 
However,  when  all  independent  variables  (for  deer  under  18  mo)  were 
included  in  a  simple  regression  model,  only  the  partial  coefficient  for 
eye  lens  weight  was  significant.  The  joint  F-test  was  highly  significant 
(P<0.005).  Stepwise  and  backward  regression  elimination  procedures 
were  run  at  P<0.10  level  of  significance  on  the  variables  (for  deer 
under  18  mo).  Only  eye  lens  weight  was  retained  as  part  of  the  model. 
Despite  this  fact,  a  multiple  regression  model  was  conducted  with  eye 
lens  weight,  body  weight,  and  total  length  as  independent  variables. 
Partial  regression  coefficients  for  eye  lens  weight  and  total  length  were 
significant  (P<0.005). 

Based  on  the  F-test,  it  seemed  quite  reasonable  to  use  eye  lens  weight 
in  the  regression  equation  with  dental  age  to  estimate  ages  of  deer. 
However,  plots  of  eye  lens  weight  against  dental  age  indicated  that  one 
regression  line  did  not  adequately  depict  eye  lens  weight  gain  for  all 
ages  of  deer  (Fig.  1).  Two  regression  lines  were  drawn,  one  for  deer 
under  18  mo  of  age  and  one  for  deer  over  18  mo.  From  these  2  regres¬ 
sion  lines  deer  ages  were  estimated. 
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EYE  LENS  WEIGHT  |g| 

Figure  1.  Dry  eye  lens  weights  plotted  against  age  estimated  by  tooth  development  and 
wear  of  deer  collected  on  St.  Croix,  Virgin  Islands. 


Reproduction 

Of  33  does  10  mo  of  age  or  older,  14  (42.4%)  carried  embryos  (Table 
2).  Corpora  lutea  but  no  fetuses  were  present  in  5  does.  Ovulation 
incidence  and  fertilization  frequency  were  calculated  as  0.81  and  0.56, 
respectively.  Thus,  the  estimated  fawn  production  (determined  by  mul¬ 
tiplying  0.81  by  0.56)  was  0.45  fawns  for  each  doe  over  10  mo  of  age. 
Two  deer,  each  carrying  one  fawn,  conceived  at  7  and  9  months, 
respectively.  Except  for  the  24-35  mo  age  class,  which  had  the  highest 
productivity,  the  older  age  classes  were  generally  the  most  productive 
(Table  2). 

The  pregnancy  rate  between  deer  collected  on  the  western  end  of  the 
island  and  those  collected  on  the  eastern  end  was  different.  Of  18  does 
over  18  mo  of  age  on  the  west  end,  12  were  pregnant  (66.6%)  compared 
to  0  of  5  on  the  east  end.  Of  deer  over  10  mo  old,  13  of  21  (51.4%)  on 
the  west  end  were  pregnant  as  compared  to  1  of  12  (8.3%)  on  the  east¬ 
ern  end. 

Using  y  =  0.675  (ovulation  incidence  X  fertilization  frequency  for 
deer  over  18  mo  of  age)  and  f  =  0.49  (49%  does,  60  females  and  63 
males)  in  the  formula  r  =  1  +  fy  the  annual  rate  of  increase  for  the 
deer  on  St.  Croix  was  determined  to  be  33.1%.  Similarly,  using  y  =  1.00 
and  y  =  0,  the  annual  rate  of  increase  for  the  west  end  and  east  end 
was  49%  and  0%,  respectively. 

Embryo  counts  were  used  as  a  second  means  of  calculating  popula¬ 
tion  rate  of  increase.  The  rate  increase  for  the  combined  deer  herd  was 
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Figure  2.  Age  structure  for  112  deer  collected  on  St.  Croix,  V.  I.  Numbers  (%)  represent 
proportion  of  total  deer  collected  in  each  year  age  class. 


40.0%.  For  the  west  end  of  the  island  there  were  0.94  embryos/doe. 
Thus,  when  0.94  was  substituted  for  y,  49.0%  was  the  calculated  rate  of 
increase.  For  the  east  end  y  =  0  and,  accordingly,  the  rate  increase  was 
again  0%. 

Fawns  comprised  the  largest  age  class  of  deer  collected  from  the 
combined  herd.  There  were  38  deer  (33.9%)  under  1  yr  of  age  (Fig.  2). 
The  number  of  deer  in  each  older  age  group  was  lower  than  the 
preceding  younger  age  class.  On  the  east  end  of  the  island  38.1%  of  the 
deer  collected  were  fawns  as  compared  to  31.4%  on  the  west  end. 

The  rate  of  increase  using  ovulation  incidence  times  fertilization  fre¬ 
quency,  number  of  fawns,  and  embryo  counts,  varied  less  than  7%.  The 
3  separate  calculations  were  33.1,  33.9,  and  40.0%,  respectively. 

DISCUSSION 

The  index  of  productivity  determined  in  this  study  was  complicated 
by  the  fact  that  breeding  was  apparently  occurring  year  round  (Webb 
and  Nellis,  1980).  A  slight  error  in  calculation  of  fertilization  frequency 
could  have  occurred  since  5  deer  had  corpora  lutea  but  no  fetuses.  The 
absence  of  embryos  could  indicate  4  possible  errors:  (1)  the  embryos 
had  not  implanted  or  were  not  yet  detectable  in  the  uterus,  which  may 
be  the  case  for  2  or  3  weeks  after  conception  (Cheatum  and  Morton, 
1942);  (2)  the  fetus  had  been  aborted;  (3)  the  fawn  had  already  been 
born;  or  (4)  the  corpora  lutea  were  in  an  estrus  cycle  in  which  breeding 
did  not  occur  (Cheatum,  1949).  The  authors  feel  that  error  number  4 
was  avoided  by  careful  examination.  Both  Trauger  and  Haugen  (1965) 
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and  Cheatum  (1949)  state  that  most  corpora  lutea  of  previous  estrus 
periods  in  the  same  breeding  season  can  be  distinguished  from  those  of 
the  current  pregnancy  by  the  difference  in  size.  Although  difficulties 
and  errors  arise  in  analyzing  corpora  lutea  counts,  Cheatum  and  Mor¬ 
ton  (1946)  placed  a  high  degree  of  confidence  in  the  reliability  of  this 
method  of  determining  productivity.  Despite  these  problems,  the  3 
separate  methods  of  calculating  population  growth  produced  similar 
estimates. 

Although  the  population  growth  of  deer  in  this  study  was  consider¬ 
ably  below  a  maximum  rate  of  increase,  the  population  appeared  to  be 
reproducing  rapidly.  Small  numbers  of  the  older  age  class  may  indicate 
that  heavy  hunting  pressure  had  occurred  despite  prohibitive  laws.  The 
rate  at  which  a  species  can  reproduce  under  ideal  conditions  and  in  the 
absence  of  mortality  is  referred  to  as  the  reproductive  potential 
(Robertson,  1969).  Kelker  (1947)  reported  that  66.1%  is  the  maximum 
rate  of  annual  increase  of  a  deer  herd.  He  further  stated  that  this  value 
will  decline  to  62%  as  a  wild  deer  herd  increases  in  size  and  environ¬ 
mental  factors  affect  the  herd.  The  highest  recorded  annual  rate  of 
increase  for  a  white-tailed  deer  herd  was  recorded  at  the  Edwin  S. 
George  Reserve  in  Michigan  in  which  the  deer  multiplied  at  an  aver¬ 
age  rate  of  65.1%  for  6  years  (Kelker,  1947). 

There  is  some  doubt  about  the  reproduction  rates  on  the  separate 
ends  of  this  island.  Considering  that  only  5  deer  over  18  mo  of  age  on 
the  east  end  were  examined,  small  sample  size  may  account  for  the  0% 
rate  of  reproduction  by  Kelker’s  (1947)  formula.  Thirty-eight  percent  of 
the  deer  collected  on  the  east  end  were  fawns,  suggesting  a  much 
higher  reproductive  rate.  Lack  of  precise  deer  collection  locations,  over¬ 
lap  of  deer  range  with  mountain  and  coastal  plain  habitat,  and  small 
sample  size  precluded  detailed  analysis  of  differences  in  reproduction 
due  to  climatological  or  habitat  conditions.  However,  physical  condi¬ 
tion  of  cows,  goats,  and  deer  (pers.  observ.  of  authors)  as  well  as  physi¬ 
cal  characteristics  of  deer  seemed  to  indicate  no  differences  due  to  habi¬ 
tat. 

The  31.4%  fawn  population  on  the  west  end  is  lower  than  the  47  and 
50%  previusly  calculated.  Yet  it  was  close  to  the  entire  population 
estimate  of  33.1  to  40%  rate  of  increase.  The  east  end  fawn  population 
was  38.1%.  Therefore,  all  of  the  figures  the  authors  derived  are  reaso¬ 
nable  except  the  calculated  0%  on  the  east  end. 

Conception  by  fawns  does  not  seem  to  be  uncommon.  Cheatum  and 
Morton  (1942)  recorded  that  23-62  doe  fawns  examined  in  various  parts 
of  New  York  were  pregnant  and  2  others  had  corpora  lutea  in  their 
ovaries.  They  would  have  been  6-7  mo  old  at  the  time  of  breeding. 
Haugen  and  Trauger  (1962)  found  that  83.6%  of  an  Iowa  fawn  popula¬ 
tion  had  undergone  estrus  at  4-7  mo  of  age.  Several  months  later  75% 
were  pregnant. 
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Several  techniques  of  age  determination  for  deer  have  been  tried  and 
been  found  useful  in  various  parts  of  the  United  States.  Part  of  this 
study  was  directed  at  testing  the  reliability  of  these  methods  and  modi¬ 
fying  them,  if  necessary,  for  application  to  St.  Croix  deer.  Severinghaus 
(1949)  described  the  determination  of  age  in  deer  by  tooth  development 
and  wear.  This  technique  has  been  widely  accepted,  but  local  condi¬ 
tions  and  differences  in  the  subspecies  of  deer  may  affect  its  accuracy. 
Known  age  specimens  should  be  used  to  establish  a  basis  for  tooth 
wear  interpretation.  However,  Leuth  (1963)  found  that  with  sufficient 
dental  age  data,  deer  from  an  area  could  be  divided  into  definite  yearly 
age  groups. 

Eye  lens  weights  have  been  used  to  estimate  age  after  establishment 
of  simple  regression  lines  with  known  age  specimens  (Lord,  1959; 
Connolly,  et  al,  1969).  Leuth  (1963)  and  Downing  and  Whittington 
(1964)  utilized  eye  lens  weight  to  group  deer  by  age  classes  without 
known  age  specimens.  Connolly,  et  al.,  (1969)  found  that  placement  of 
black-tailed  deer  into  age  classes  was  highly  accurate  only  until  24  mo 
of  age.  They  also  reported  that  the  lens  method  appears  useful  when 
more  precise  age  estimates  for  deer  up  to  12  mo  of  age  are  required. 

The  statistical  significance  values  of  multiple  and  simple  regression 
methods  indicated  that  dry  eye  lens  weight  and  dental  age  were  closely 
correlated,  particularly  up  to  18  mo  of  age.  Age  estimates  from  the 
regression  equation  of  eye  lens  weight  and  dental  age  appeared  to  be 
reasonable,  based  on  significance  value  of  regression  analyses.  There¬ 
fore,  separation  of  deer  into  these  age  classes  appeared  accurate  at  least 
through  2  yr  of  age. 

Discrepancies  of  measurement  techniques  by  different  persons  could 
have  been  a  factor  hindering  correlation  of  the  body  measurements 
with  dental  age.  Age  estimates  by  tooth  development  and  wear  and  eye 
lens  weight  measurements  were  conducted  by  the  senior  author  only. 
This  probably  reduced  sampling  error  variability  allowing  a  better 
regression  analysis  of  these  2  parameters. 

CONCLUSION 

Deer  appeared  healthy  with  good  body  growth,  antler  development, 
and  reproduction.  Population  growth  was  below  maximum  potential 
but  high  enough  to  replace  the  mortality  apparently  occurring  in  older 
age  classes.  Proper  management  should  allow  maintenance  of  a  stable 
deer  population. 

The  regression  equation  derived  from  plotting  dry  eye  lens  weight 
against  age  estimated  by  tooth  development  and  wear  appeared  to  be  a 
reliable  method  of  age  estimation  for  deer  under  18  mo.  The  method 
was  questionable  for  deer  over  18  mo  of  age.  Older  deer  ages  could  still 
be  estimated  for  another  year,  but  reliability  decreased  with  increasing 
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age  of  the  deer.  Weight,  hind  foot  length,  height  at  shoulder,  and  total 
length  probably  could  be  used  in  age  determination  for  deer  less  than 
12  mo  old. 
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THE  VASCULAR  FLORA  OF  McCULLOCH  COUNTY,  TEXAS1 
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San  Angelo ,  TX  76909 

ABSTRACT 


A  description  of  the  county  and  of  4  floristic  associations  are  given  as  well  as  an  annotated 
checklist  for  the  vascular  flora.  McCulloch  County  encompasses  the  geographical  center  of  Texas 
and  has  an  area  of  1,7 1 6  km2.  The  known  flora  comprises  605  species  and  subordinate  taxa  in 
96  families  with  approximately  53%  of  the  species  and  subordinate  taxa  belonging  to  9  families. 
These  families  and  their  individual  numbers  of  taxa  are:  Gramineae  94,  Compositae  84, 
Leguminosae  43,  Euphorbiaceae  26,  Cruciferae  19,  Labiatae  16,  Onagraceae  15,  Cyperaceae  1 3, 
and  Liliaceae  13. 

INTRODUCTION 


Study  Area 

McCulloch  County,  TX  encompasses  the  geographical  center  of  Texas  and  has 
an  area  of  1 ,716  km2 ,  including  1,909  surface  ha  of  water.  The  elevation  varies 
from  640  m  in  the  southwestern  part  of  the  county  to  less  than  396  m  at  the 
Colorado  River  in  the  northeastern  corner  of  the  county.  Drainage  is  almost 
equally  divided  between  the  Colorado  and  San  Saba  Rivers  (Bynum  and  Coker, 
1974). 

The  northwestern  and  midsection  areas  of  McCulloch  County  are  typified  by 
nearly  level  to  gently  rolling  uplands  which  contain  old  alluvial  plains.  This  portion 
of  the  county  also  contains  some  steep  scarp  and  cuesta  areas.  The  northeastern 
part  of  the  county  is  characterized  by  gently  sloping  soils  that  formed  in  old 
alluvium  which  extends  over  much  of  this  area.  The  southeastern  corner  of  the 
county  lies  within  a  basin  of  loamy  soils  in  a  gently  rolling  area  dissected  by 
numerous  small  drainageways.  The  remainder  of  the  county  consists  of  undulating 
uplands. 

The  soils  are  derived  from  Precambrian,  Cambrian,  Ordovician,  Mississippian, 
Pennsylvanian,  Permian,  Cretaceous,  Quaternary,  and  Recent  geological  systems. 


1  Taken  from  thesis  submitted  as  partial  requirement  for  the  Master  Science  degree  at  Angelo 
State  University,  San  Angelo,  TX  76909,  December,  1978. 

2 Present  address:  P.  O.  Box  5976,  College  Station,  TX  77844. 
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The  following  description  of  the  county  is  taken  from  Oetkingand  Feray  (1963), 
Bynum  and  Coker  (1974),  and  Sellards,  et  al.,  (1975). 

The  Precambrian  Formations  occupy  a  small  area  near  the  Mason  County  line 
south  of  Voca,  TX.  These  formations  consist  of  weathered  granite,  schist,  and 
gneiss.  Much  of  this  area  contains  large  granite  domes  and  adjacent  gravelly  sandy 
loams  of  granitic  origin. 

The  Cambrian  Formations  lie  in  the  southeastern  corner  of  the  county.  This 
area  consists  of  limestone  and  sandstone  outcrops  and  soils  varying  from  shallow 
loams  to  deep  sands. 

The  Ordovician  and  Mississippian  Formations  are  locally  exposed  in  an  area 
lying  north  and  west  of  the  Cambrian  Formations.  This  area  consists  of  predom¬ 
inantly  shallow  soils  derived  from  limestone,  dolomite,  and  sandstone.  Chert  is  a 
common  component  in  the  upper  part  of  the  profile. 

The  north  central  and  northeastern  parts  of  the  county  consist  of  upper  and 
lower  Pennsylvanian  Formations.  The  Pennsylvanian  area  is  variously  comprised 
of  clays,  limestone,  sandstone,  dolomite,  and  shale. 

The  northwestern  part  of  the  county  contains  the  Permian  Formations  which 
consist  of  thin-bedded  limestone  and  shale  covered  with  sediments  of  old  alluvium. 
This  formation  has  had  little  effect  on  soil  formation. 

The  southwestern  quarter  of  the  county  contains  formations  of  the  lower 
Cretaceous.  These  areas  consist  of  very  shallow  to  shallow  clay  soils  over  fractured 
limestone.  Included  in  this  area  are  many  deposits  of  moderately  deep  loamy  soils 
formed  in  old  alluvium. 

During  the  Quaternary  Period  alluvial  material  was  deposited  over  extensive 
areas  in  the  county.  Subsequent  erosion  has  removed  most  of  this  outwash  from 
the  higher-lying  areas. 

Alluvium  has  recently  been  deposited  on  the  flood  plains  of  the  Colorado  and 
San  Saba  Rivers,  Brady  Creek,  and  tributaries  of  these  streams.  These  deposits 
have  not  had  enough  time  for  soil  formation  to  take  place. 

McCulloch  County  typically  has  dry  winters  with  hot,  humid  summers.  The 
mean  annual  precipitation  is  59.11  cm  with  peak  rainfall  periods  in  late  spring  and 
early  fall  and  relatively  dry  periods  in  midsummer  and  winter.  In  an  average  year, 
approximately  72%  of  the  rainfall  occurs  between  April  and  October  (Bynum  and 
Coker,  1974). 

The  relative  humidity  varies  from  an  annual  mean  high  of  77%  at  6  a.m.  to  a 
mean  low  of  45%  at  6  p.m.  The  mean  annual  lake  evaporation  is  165.10  cm.  The 
prevailing  wind  direction  is  south-southeasterly  (Bynum  and  Coker,  1974). 

McCulloch  County  is  located  on  the  ecotone  of  3  major  vegetation  areas  of 
Texas:  the  Rolling  Plains,  Cross  Timbers  and  Prairies,  and  the  Edwards  Plateau 
(Gould,  1975a).  The  Rolling  Plains  occupies  the  northwestern  portion  of  the  county, 
and  the  Cross  Timbers  and  Prairies  occupies  the  extreme  northeastern  corner. 
The  remaining  and  much  larger  portion  of  the  county  lies  in  the  Edwards  Plateau 
vegetational  area. 
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RESULTS  AND  DISCUSSION 

Four  distinct  floristic  associations  (Fig.  1)  within  the  3  major  vegetation  zones 
are  recognized.  These  floristic  associations  are:  Oak  Savannah,  Mesquite  Grass¬ 
land,  Post  Oak— Blackjack  Oak,  and  Riparian.  Descriptions  of  these  associations 
follow. 

Oak  Savannah  Association 

The  most  common  floristic  association  is  the  Oak  Savannah.  The  soils  of  this 
type  are  typically  shallow,  with  gravel  and  stones  on  the  surface  and  in  the  soil. 
The  underlying  limestone  is  cracked  and  fissured,  forming  occasional  deep  pockets 
of  soil  which  are  capable  of  supporting  trees  and  perennial  grasses.  The  surface 
rocks  concentrate  rainfall  resulting  in  an  increased  precipitation  effectiveness. 
These  shallow  soils  have  a  low  moisture  holding  capacity. 

Throughout  this  floristic  association  are  lower  areas  containing  deeper  alluvial 
soils  which  may  support  large  populations  of  Prosopis  glandulosa. 

The  climax  plant  community  is  a  liveoak-shinoak  savannah  with  an  understory 
of  mid-  and  occasional  tall  grasses.  In  this  type  Quercus  fusiformis  is  abundant, 
occurring  as  scattered  individuals  or  in  mottes  containing  many  individuals.  Shin- 
oak  ( Q .  sinuata  var.  breviloba )  is  locally  abundant  on  shallow  ridges  throughout 
the  Oak  Savannah. 

The  understory  climax  consists  of  Bouteloua  curtipendula,  Schizachyrium 
scoparium,  Elymus  canadensis,  Leptochloadubia,  Zexmenia  hispida,  Engelmannia 
pinnatifida,  and  Desmanthus  velutinus.  Sorghastrum  nutans  and  Andropogon 
gerardii  occur  on  limestone  outcrops  where  favorable  moisture  conditions  exist. 
As  regression  occurs  from  overgrazing,  mid-  and  tall  grasses  are  replaced  by  Hilar ia 
belangeri,  Tridens  muticus,  and  St  ip  a  leucotricha.  Continued  abuse  results  in  a 
short-grass  disclimax  dominated  by  B.  trifida,  B.  rigidiseta,  Aristida  spp.,  and 
Erioneuron  pilosum.  Berberis  trifoliolata,  Acacia  spp.,  Mimosa  spp.,  and  Opuntia 
spp.  will  invade  these  disclimax  areas  (Bynum  and  Coker,  1974).  The  vegetation 
of  this  floristic  association  is  designated  “OS”  in  the  species  list. 

Mesquite  Grassland  Association 

The  Mesquite  Grassland  Association  typically  occurs  on  deep  to  moderately 
deep  clay  loam  soils.  Rainfall  enters  these  soils  at  a  moderate  rate  and  large 
amounts  of  moisture  can  be  stored.  However,  these  soils  have  a  high  wilting  point 
and  do  not  make  effective  use  of  small  showers  when  dry  (Bynum  and  Coker, 
1974). 

The  climax  community  is  an  open  grassland  producing  an  abundant  growth  of 
short  and  mid-grasses.  There  are  scattered  Ulmus  crassifolia  and  Celtis  reticulata 
trees  with  Q.  fusiformis  found  on  hills  and  ridges  containing  shallow  soils.  Principle 
grasses  include  B.  curtipendula,  Bothriochloa  barbinodis,  B.  saccharoides  var. 
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Figure  1 .  Floristic  associations  of  McCulloch  County,  TX. 
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torreyana,  E.  canadensis,  and  Buchloe  dactyloides.  The  principle  forbs  are  E.  pin 
natifida  and  D.  velutinus.  With  regression,  mid-grasses  give  way  to  B.  dactyloides 
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and  S.  leucotricha.  Continued  abuse  results  in  a  short -grass  disclimax  dominated 
by  Eragrostis  secundiflora,  B.  trifida,  E.  pilosum,  Aristida  spp.,  and  various  annuals. 

With  overgrazing  and  reduction  in  fire  frequency  P.  glandulosa  may  greatly 
increase  throughout  the  area  (Humphrey,  1958).  Principle  invaders  are  Ziziphus 
obtusifolia,  Mimosa  spp.,  Opuntia  spp.,  and  Xanthocephalum  dracunculoides 
(Bynum  and  Coker,  1974).  The  vegetation  of  this  floristic  association  is  designated 
“MG”  in  the  species  list. 

Post  Oak-Blackjack  Oak  Association 

The  Post  Oak— Blackjack  Oak  Association  is  typified  by  Q.  stellata  and  Q.  mari- 
landica.  Q.  stellata  is  the  most  prominent  tree  species,  and  may  occur  in  pure 
stands  or  with  Q.  marilandica. 

Soils  of  this  floristic  association  include  deep  sands,  sandy  loams,  and  gravelly 
sandy  loams.  The  gravelly  sandy  loam  soils  are  derived  from  granitic  parent 
material.  This  area  is  interspersed  with  large  granite  domes.  Areas  at  the  base  of 
these  domes  are  floristically  unique  because  of  improved  water  relations  caused 
by  runoff  from  the  domes.  Water  holding  capacity  of  these  soils  is  low  to  moder¬ 
ate  and  fertility  is  low  (Bynum  and  Coker,  1974). 

Other  woody  species  of  this  floristic  association  include  U.  crassifolia,  C.  reticu¬ 
lata,  P.  glandulosa,  and  Cercis  canadensis.  The  understory  climax  grasses  consist 
of  S.  scoparium  var.  frequens,  B.  curtipendula,  A.  gerardii,  T.  flavus,  S.  nutans, 
B.  barbinodis,  Panicum  virgatum,  E.  canadensis  and  L.  dubia.  Lupinus  texensis, 
Verbena  bipinnatifida,  Commelina  erecta,  and  Liatris  punctata  are  some  of  the 
climax  forbs  in  this  floristic  association.  As  regression  occurs,  the  tall  and  mid¬ 
grasses  give  way  to  plants  such  asfL  trifida,  B.  rigidiseta,  Aristida  spp.,  Chloris  spp., 
and  other  annual  grasses  and  forbs.  Invading  woody  species  include/!  glandulosa, 
Diospyros  texana,  Aloysia  gratissima,  and  Z.  obtusifolia.  The  vegetation  of  this 
floristic  association  is  designated  “PBA”  in  the  species  list. 

Riparian  Association 

This  floristic  type  is  a  flood  plain  or  lowland  influenced  by  permanent  or  inter¬ 
mittent  streams,  springs,  and  the  major  drainageways  throughout  the  county. 
These  areas  receive  outside  water  from  adjacent  uplands  and  may  overflow  1  or 
more  times  yearly.  The  floristic  composition  includes  the  vegetation  along  the 
banks  of  rivers,  creeks,  lakes,  and  stock  water  impoundments.  There  may  be  a 
dense  overstory  consisting  of  Q.  macrocarpa,  Carya  illinoensis,  Ulmus  spp.,  Salix 
nigra,  Populus  deltoides,  Platanus  occidentalis,  and  Morns  rubra.  The  understory 
may  include  vines  such  as  Parthenocissus  quinquifolia,  Smilax  bona-nox,  and 
Co  ecu  lu  s  carolinus.  Other  understory  plants  may  include  Equisetum  laevigatum, 
Typha  latifolia,  Carex  spp.,  Cyperus  spp .,Juncus  spp.,  and  shade-grasses  such  as 
Setaria  scheeli.  The  vegetation  of  this  floristic  association  is  designated  “R”  in 
the  species  list. 

The  collection  of  specimens  and  observations  of  the  plants  and  the  area  began 
in  1976  and  were  continued  until  summer  of  1979.  The  collections  and  observa¬ 
tions  were  made  during  all  seasons  of  the  year.  The  author  supplemented  the  data 
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with  specimens  from  the  Angelo  State  University  Herbarium  and  citations  obtained 
in  the  literature. 

Identified  were  605  species  and  subordinate  taxa  representing  96  families.  The 
first  set  of  all  specimens  collected  has  been  placed  in  the  Herbarium  at  Angelo  State 
University  with  duplicate  specimens  in  the  Herbarium  of  the  Texas  A&M  University 
Research  and  Extension  Center  at  San  Angelo,  TX.  Approximately  53%  of  the 
species  and  subordinate  taxa  collected  in  McCulloch  County  belong  to  9  families. 
The  following  is  a  list  of  these  families  with  their  individual  numbers  of  taxa: 
Gramineae  94,  Compositae  84,  Leguminosae  43,  Euphorbiaceae  26,  Cruciferae  19, 
Labiatae  16,  Onagraceae  15,  Cyperaceae  13,  and  Lilaceae  13. 

The  following  list  of  taxa  is  arranged  alphabetically  by  families  and  within 
families.  The  letters  following  the  name  of  each  taxon  indicate  the  general  habitat 
for  specimens  collected  or  observed  by  the  author.  Unless  otherwise  indicated 
under  the  treated  taxon,  Correll  and  Johnston  (1970)  was  used  to  identify  the 
specimens. 

ANNOTATED  LIST  OF  THE  VASCULAR  FLORA  OF 
McCULLOCH  COUNTY,  TX 

ACANTHACEAE 

Dyschoriste  linearis  (T.  &  G.)  O.  Ktze. ;  OS,  MG,  PBA;  calcareous  soils  of  grasslands. 

Justicia  americana  (L.)  Vahl.;  R;  shallow  water  of  streams,  rivers,  and  lakes. 

Ruellia  mentzae  Tharp.;  OS,  MG,  PBA;  calcareous  soils  of  open  grasslands. 

Siphonoglossa  pilosella  (Nees)  Torr.;  OS,  MG;  rocky  calcareous  soils. 

AMARANTHACEAE 

Amaranthus  blitoides  Wats.;  OS,  MG,  PBA;  disturbed  areas. 

Amaranthus  retro flexus  L.;  MG;  disturbed  clay  loam  soil  north  of  Doole,  TX. 

Froelichia gracilis  (Hook.)  Moq.;  PBA;  sandy  soils  south  of  Voca,  TX. 

Guilleminea  densa  (Willd.)  Moq.  var.  densa  \  OS;  disturbed  calcareous  soils. 

Guilleminea  lanuginosa  (Poir.)  Hook.  var.  rigidiflora  (Hook.)  Mears;  OS;  disturbed  calcareous 
soils. 

Tidestromia  lanuginosa  (Nutt.)  Standi,  var.  lanuginosa ;  MG;  disturbed  clay  loam  soils. 

AMARYLLIDACEAE 

Cooperia  drummondii  Herb.;  OS,  MG;  open  grasslands  and  disturbed  areas. 

Zephyranthes  longifolia  Hemls.;  OS,  MG;  alkaline  soils. 

AN  ACA  R  D I ACEAE 

Rhus  aromatica  Ait.  var .  flab  elli for  mis  Shinners;OS;in  scrub  on  limestone  outcropsand  plains. 
Rhus  lanceolata  (Gray)  Britt.;  OS;  limestone  outcrops. 

Rhus  microphylla  Engelm.;  OS,  MG;  in  scrub  and  dry  uplands. 

Rhus  toxicodendron  L.  var.  eximia  (Greene)  McNair;  OS;  limestone  outcrops  and  uplands. 
Rhus  toxicodendron  L.  var.  vulgaris  Michx.;  OS,  PBA,  R;  stream  riparian  and  scrub. 

APOCYNACEAE 

Amsonia  ciliata  Walt.  var.  texana  (Gray)  Coulter;  OS;  limestone  grasslands. 
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ASCLEPIADACEAE 
Asclepias  arenaria  Torr.;  OS;  roadsides. 

Asclepias  asperula  (Dene.)  Woods,  var.  asperula-,  OS,  PBA;  sandy  and  rocky  hillsides  and 
grasslands. 

Asclepias  engelmanniana  Woods.;  OS;  open  sandy  hillsides  draws  and  washes. 

Asclepias  latifolia  (Torr.)  Raf.;  MG;  roadsides. 

Asclepias  oenotheroides  Cham.  &  Schlect.;  OS,  R;  disturbed  areas. 

Asclepias  viridiflora  Rati;  OS;  rocky  hillsides. 

Asclepias  viridis  Walt.;  OS;  roadside  south  of  Brady,  TX. 

Sarcostemma  crispum  Benth.;  PGA;  granitic  areas. 

BERBER  ID  ACEAE 

Berberis  trifoliolata  Moric.;OS,  MG,  PBA;  common  in  all  soils. 

BOR  AGIN  ACEAE 

Buglossoides  arvense  (L.)  I.  M.  Johnst.;  OS;  disturbed  clay  loam  soils. 

Coldenia  canescens  DC.;  OS;  disturbed  limestone  soil. 

Cryptantha  minima  Rydb.;  reported  by  McCart  (1966). 

Lappula  redowskii  (Hornem.)  Greene;  OS;  clay  loam  soils. 

Lappula  texana  (Scheele)  Britt.;  reported  by  Johnston  (1964). 

Lithospermum  incisum  Lehn.;  OS,  PBA;  sands  and  clay  loam  soils. 

CACTACEAE 

Echinocactus  texensis  Hopffer.;  OS,  MG;  clay  loam  soils  of  mesquite  grasslands. 

Echinocereus  reichenbachii  (Terscheck)  Haage  var.  reichenbachii’,  OS,  PBA;  limestone  and 
granitic  outcrops. 

Echinocereus  triglochidiatus  Engelm.  var.  melanacanthus  (Engelm.)  L.  Benson;  PBA;  granitic 
outcrops. 

Opuntia  kleiniae  DC.;  PBA; granitic  soil. 

Opuntia  leptocaulis  DC. ;  OS,  MG,  PBA;  common  in  all  areas,  particularly  in  overgrazed  areas. 

Opuntia  lindheimeri  Engelm.  var.  lindheimeri-,  OS,  MG,  PBA;  abundant,  particularly  in  over- 
grazed  areas. 

Opuntia  macrorhiza  Engelm.  var.  macrorhiza;  OS,  MG;  open  areas  of  grasslands. 

Opuntia  phaecantha  Engelm.  var.  discata  (Engelm.)  L.  Benson  &  Walkington;  OS,  MG;  occa¬ 
sional  on  grasslands  and  hillsides. 

Opuntia  phaecantha  Engelm.  var.  major  Engelm.;  reported  by  Benson  (1969). 

CAM  PAN  UL  ACEAE 

Lobelia  berlandieri  A.  DC.  var.  brachypoda  (Gray)  McVaugh;  R;riparia  of  the  San  Saba  River. 
Lobelia  cardinalis  L.;  R;  riparia  of  San  Saba  River. 

Triodanis  biflora  (R.  &  P.)  Greene;  R;  riparia  of  Colorado  River  and  streams  of  granitic  area. 
Triodanis  leptocarpa  (Nutt.)  Nieuw.;  reported  by  McVaugh  (1951)  and  McCart  (1966). 
Triodanis  perfoliata  (L.)  Nieuw. ;  OS;  gravelly  soil  east  of  Rochelle,  TX  near  San  Saba  County. 
Polansia  dodecandra  (L.)  DC.  subsp.  trachysperma  (T.  &  G.)  litis.;  PBA;  sandy  soils. 

CAPRIFOLIACEAE 

Lonicera  albiflora  T.  &  G.  var.  albiflora-,  OS;  calcareous  grasslands. 

Lonicera  japonica  Thunb.;  R.  escaped  cultivar  growing  along  Brady  Creek. 
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CAROPHYLLACEAE 

Paronychia  jamesii  T.  &  G.;  reported  by  McCart  (1966). 

Stellaria  media  (L.)Cyr.;  OS;  disturbed  clay  loam  soils. 

CHENOPODIACEAE 

Chenopodium  album  L.;  OS,  MG;  roadsides. 

Chenopodium  ambrosiodes  L.;  PBA;  sandy  soil. 

Chenopodium  chenopodioides\  R;  uncommon  around  shores  of  Brady  Lake. 

Chenopodium  desiccatum  A.  Nels.  var.  leptophylloides  (Murr.)  H.  A.  Wahl. ; reported  by  Reed 
(1969). 

Chenopodium  leptophyllum  Wats.;  OS;  disturbed  areas. 

Cycloloma  atriplicifolium  (Spreng.)  Coult.;  PBA;  disturbed  sands  at  sand  mine  near  Voca,TX. 
Kochia  scoparia  (L.)  Roth.;  MG;  disturbed  clay  loam  soils. 

Salsola  kali  L.;  OS,  MG,  PBA;  disturbed  clay  loam  soils. 

CISTACEAE 

Lechea  san-sabena  (Buckl.)  Hodg.;  PBA;  granitic  gravel  south  of  Voca,  TX. 

COMMELINACEAE 

Commelina  communis  L.;  OS;  rocky  ledges. 

Commelina  erecta  L.  var.  angustifolia  (Michx.)  Fern.;  OS;  limestone  slopes. 

Commelina  erecta  L.  var.  erecta\  OS;  limestone  ledges  and  slopes. 

Tradescantia  hirsutiflora  Bush.;  PBA;  sands  and  gravel. 

Tradescantia  occidentalis  (Britt.)  Smyth;  PBA;  sands  and  gravel  soils. 

Tradescantia  ohioensis  Raf.;  R;  near  streams. 

COMPOSITAE 

Achillea  millefolium  L.;OS,  PBA;  sandy  and  loamy  soils. 

Amblyolepis  setigera  DC.;  OS,  MG;  loose  limestone  loams  of  open  grasslands  and  roadsides. 
Ambrosia  bidentata  Michx.;  R;  moist  soil  near  Brady  Creek  at  Melvin,  TX. 

Ambrosia  confertifolia  DC.;  OS,  MG;  disturbed  areas  with  clay  loam  soil. 

Ambrosia  psilotachya  DC.;  OS,  MG;  disturbed  clay  loam  soils. 

Ambrosia  trifida  L.;  R;  sands  and  clay  loam  soils  of  river  and  stream  riparia. 

Aphanostephus  ramosissimus  DC.;  OS,  PBA;  disturbed  sand  and  clay  loam  soils. 
Aphanostephus  riddellii  T.  &  G. ;  OS;  rocky  limestone  slopes  and  flats. 

Artemesia  ludoviciana  Nutt.;  OS;  rocky  limestone  flats. 

Aster  ericoides  L. ;  OS;  rocky  limestone  loams. 

Aster  praealtus  Poir. ;  R;  sands  and  clay  loams  of  river  and  stream  riparia. 

Aster  subulatus  Michx.  var.  ligulatus  Shinners;  R;  clay  soils  of  river  and  stream  riparia. 
Baccharis  salicina  T.  &  G. ;  R;  riparia  and  depressions. 

Berlandiera  lyrata  Benth. ;  OS;  rocky  limestone  hills  and  flats. 

Bidens  laevis  (L.)  B.S.P.;  R;  riparia  of  San  Saba  River. 

Calyptocarpus  vialis  Less.;  R;  riparia  of  streams, rivers, and  lakes. 

Carthamus  lanatus  L;  introduction  reported  by  Correll  and  Johnston  (1970). 

Centaurea  americana  Nutt.;  OS;  rocky  limestone  slope. 

Chaetopappa  asteroides  (Nutt.)  DC.;  OS,  PBA;  rocky  limestone  and  granite  loams. 

Cirsium  texanum  Buckl.;  OS,  MG;  grasslands,  roadsides  and  disturbed  areas. 

Conyza  canadensis  (L.)  Cronq.  var.  glabrata  (Gray)  Cronq.;  PBA,  R;  river  and  stream  riparia. 
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Coreopsis  basalis  (Otto  &  Dietr.)  Blake  var.  wrightii  (Gray)  Blake;  R;  riparia  of  San  Saba  River. 
Coreopsis  tinctoria  Nutt.  var.  tinctoria\  R;  lakes  and  stock  tanks. 

Dyssodia  pentachaeta  (DC.)  Robins  var.  pentachaeta-,  OS;  dry  limestone  ridges  and  flats. 
Dyssodia  pentachaeta  (DC.)  Robins  var.  puberula  DC.;  OS;  dry  rocky  limestone  flats. 
Dyssodia  tenuiloba  (DC.)  Robins  var.  tenuiloba-,  PBA;  granitic  gravel  south  of  Voca,  TX. 
Engelmannia  pinnatifida  Nutt.;  OS,  MG;  common  on  calcareous  roadsides. 

Erigeron  strigosus  Mul.;  OS;  calcareous  soils. 

Eupatorium  rugosum  Houtt.;  R;  wet  soil  of  stream  riparia. 

Evax  prolifera  DC.;  OS;  limestone  loams. 

Gaillardia  aestivalis  (Walt.)  Rock.;  OS,  MG;  open  grasslands  and  roadsides. 

Gaillardia  pulchella  Fouq.;  OS,  MG;  open  grasslands  and  roadsides. 

Gaillardia  suavis  (Gray  &  Engelm.)  Britt.  &  Rusby;  OS,  MG;  open  grasslands  and  roadsides. 
Gnaphalium  falcatum  Lam.;  PBA;  sandy  soil. 

Grindelia  squarrosa  (Pursh.)  Dun.  var.  nuda  (Woods)  Gray;  OS,  MG,  R;  roadsides  and  riparia. 
Gymnosperma  glutinosum  (Spreng.)  Less.;  OS;  uncommon  in  calcareous  soils  of  roadsides. 
Helenium  autumnale  L. ;  R;  lake  and  tank  riparia. 

Helianthus  anuus  L.;  OS,  MG,  PBA;  common  in  disturbed  areas. 

Helianthus  maximiliani  Schrad.;  OS,  MG,  PBA,  R;  riparia  and  roadside  drainage  areas. 
Heterotheca  canescens  (DC.)  Shinners;  OS;  infrequent  on  rocky  loams  of  ravines. 
Heterotheca  latifolia  Buckl.  var.  latifolia  \  PBA;  sandy  soils. 

Heterotheca  stenophylla  (Gray)  Shinners;  PBA;  sandy  and  gravelly  soils. 

Hymenopappus  scabiosaeus  L’Her.  var.  corymbosus  (T.  &G.)  B.  L.  Turner; OS, MB; disturbed 
clay  loam  soils. 

Hymenopappus  tenuifolius  Pursh. ;  OS,  MG;  calcareous  soils  of  roadsides  and  disturbed  grasslands. 
Hymenoxys  linearfolia  Hook.;  OS;  calcareous  grasslands  and  roadsides. 

Hymenoxys  odorata  DC.;  OS;  disturbed  and  overgrazed  calcareous  soils. 

Hymenoxys  scaposa  (DC.)  Parker  var.  scaposa\  OS;  calcareous  soils  of  grasslands  and  roadsides. 
Latuca  serriola  L.;  OS,  R;  grassland  drainage  areas  and  disturbed  areas. 

Liatris  mucronata  DC.; reported  by  McCart  (1966). 

Liatris  punctata  Hook.  var.  mexicana  Gaiser;  OS;  rocky  limestone  slopes  and  road  cuts. 
Lindheimera  texana  Gray  &  Engelm.;  OS;  calcareous  grasslands  and  roadsides. 

Lygodsemia  texana  (T.  &  G.)  Greene;  OS;  disturbed  limestone  soils. 

Machaeranthera  australis  (Greene)  Shinners;  OS;  grasslands  and  roadsides. 

Marshallia  caespitosa  DC.  var.  signata  Beadle  &  Boynt.;  OS;  slopes  on  limestone  soils. 

Melanopodium  leucanthium  T.  &  G.  var.  leucanthium-,  OS,  MG;  occurs  on  a  variety  of  soils 
but  primarily  on  limestone  soils. 

Palafoxia  callosa  (Nutt.)  T.  &  G.;  OS,  PBA,  R;  riparia  and  grassland  drainage  areas. 

Palafoxia  rosea  (Bush)  Cory  var.  macrolepis  Rydb.;  PBA;  sandy  soils. 

Parthenium  hysterophorus  L.;  reported  by  McCart  (1966). 

Pinaropappus  roseus  (Less.)  Less.;  OS;  rocky  limestone  slopes. 

Pluchea  purpurascens  (Sw.)  DC.;  R;  alluvial  loams  of  lake  riparia. 

Prionopsis  ciliata  (Nutt.)  Nutt.;  OS;  roadsides  with  limestone  soils. 

Pyrropappus  multicaulis  DC. ;  OS,  R;  limestone  loams  of  riparia  and  disturbed  areas. 

Ratibida  columnaris  (Sims.)  D.  Don;  OS,  MG,  R;  common  on  grasslands  and  roadsides. 
Rudbeckia  fulgida  Ait.  var.  palustris  (Eggert)  Perdue;  MG,  R;  Colorado  River  riparia. 
Rudbeckia  hirta  L.  var.  pulcherrima  Farw.;  PBA;  granitic  gravel. 

Senecio  ampullaceous  Hook.;  PBA;  moist  sandy  soil. 

Silphium  albiflorum  Gray;  OS;  disturbed  limestone  soils. 
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Simsia  calva  (Engelm.  &  Gray)  Gray;  OS;  rocky  loams  of  hillsides  and  grasslands. 

Solidago  gigantia  Ait.;  R;  stream  riparia. 

Solidago  petiolaris  Ait. ;  PBA,  R;  stream  riparia  and  drainage  areas  of  grasslands. 

Sonchus  asper  (L.)  Hill;  OS;  disturbed  calcareous  soils. 

Taraxicum  officinale  Wiggers;  OS,  MG,  PBA;  yards  and  disturbed  areas. 

Thelesperma  ambiguum  Gray;  OS;  grassland  drainage  areas  and  roadsides. 

Thelesperma  filifolium  (Hook.)  Gray  var.  filifolium  \  OS;  limestone  loams  of  roadsides  and 
disturbed  areas. 

Thelesperma  simplicifolium  Gray;  OS,  MG,  R;  limestone  loams  of  disturbed  areas,  roadsides 
and  riparia. 

Verbesina  encelioides  (Cav.)  Gray;  OS,  MG;  disturbed  calcareous  soils. 

Verbesina  virginica  L.;  PBA;  sandy  soil. 

Vernonia  baldwinii  Torr.;  OS,  PBA,  R;  grassland  drainage  areas  and  riparia. 

Vernonia  lindheimeri  Gray  &  Engelm;  OS,  R;  drainage  areas  and  riparia. 

Xanthisma  texanum  DC.  var.  drummondii  (T.  &  G.)  Gray;  calcareous  soils  of  grasslands  and 
disturbed  areas. 

Xanthium  strumarium  L;  OS,  R;  disturbed  limestone  soils  and  riparia. 

Xanthocephalum  dracunculoides  (DC.)  Shinners;OS,  MG;  disturbed  and  overgrazed  grasslands. 
Zexmenia  hispida  H.B.K.;  OS;  rocky  limestone  slopes  and  grasslands. 

CONVOLVULACEAE 

Convolvulus  arvensis  L.;  OS;  roadsides. 

Convolvulus  equitans  Benth.;  OS;  clay  loam  roadsides. 

Cuscuta  campestris  Yunck.;  OS;  parasitic  on  many  herbaceous  plants. 

Cuscuta  glabrior  (Engelm.)  Yunck.  var.  glabrior ;  PBA ;  parasitic  onParietaria pensylvanica  Muhl. 
Evolvulus  sericeus  Sw.;  PBA;  sandy  soil. 

Ipomoea  lindheimeri  Gray;  OS;  rocky  limestone  ridges. 

Ipomoea  trichocarpa  Ell.vai .  torreyana  (Gray)  Shinners;OS,  MG,  PBA; roadsides  and  grasslands. 

CORNACEAE 

Cornus  drummondii  C.  A.  Mey;  R;  near  Brady  Creek. 

CRASSULACEAE 

Sedum  nuttallianum  Raf. ;  PBA;  shallow  granitic  soil. 

CRUCIFERAE 

Arabis  petiolaris  Gray;  OS;  rocky  limestone  area  at  Brady,  TX. 

Brassica  kaber  (DC.)  Wheeler;  OS,  MG;  occasional  in  disturbed  areas. 

Capsella  bursa-pastoris  (L.)  Medic.;  PBA;  sandy  roadside. 

Descurainia  pinnata  (Walt.)  Britt,  v  2n.br achy  carp  a  (Richards)  Fern.;  OS,  MG;  disturbed  Erne¬ 
st  one  soils. 

Descurainia  pinnata  (Walt.)  Britt,  var.  osmiarum  (Cockll.)  Shinners;  OS,  MG;  disturbed  lime¬ 
stone  soils. 

Draba  cunei folia  T.  &  G.  var.  cuneifolia  \  OS;  limestone  soils. 

Draba  platycarpa  T.  &  G.;  reported  by  McCart  (1966). 

Lepidium  austrinum  Small;  OS,  MG;  disturbed  areas  and  roadsides. 

Lepidium  oblongum  Small;  OS,  MG;  disturbed  areas  and  roadsides. 

Lepidium  virginicum  L.  var.  medium  (Greene)  C.  L.  Hitchc.;  reported  by  McCart  (1966). 
Lepidium  virginicum  L.  var.  virginicum  ,  OS,  MG;  disturbed  areas  and  roadsides. 
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Lesquerella  argyraea  (Gray)  Wats,  subsp.  argyraea;  PBA;  sandy  soil  south  of  Voca,  TX. 
Lesquerella  densiflora  (Gray)  Wats.;  OS;  roadsides. 

Lesquerella  gordonii  (Gray)  S.  Watson;  OS,  MG;  disturbed  areas  and  roadsides. 

Lesquerella  gracilis  (Hook.)  Wats,  subsp.  gracilis;  OS,  MG;  disturbed  areas  and  roadsides. 
Rorippa  sessiliflora  (Nutt.)  Hitchc.;  MG,  R;  Colorado  River  riparian  north  of  Stacy,  TX. 
Rorippa  sinuata  (Nutt.)  Hitchc.;  PBA;  sandy  soils. 

Sisymbrium  altissimum  L;  OS,  MG;  disturbed  soil  and  roadsides. 

Sisymbrium  irio  L;  OS,  MG;  disturbed  soils. 

CUCURBITACEAE 

Citrullus  vulgaris  Schrad.;  PBA;  escaped  cultivar  growing  in  sand  of  roadside  park. 

Cucurbita  foetidissima  H.B.K.;OS,  MG;  open  limestone  loams,  most  common  in  disturbed  areas. 
Ibervillea  lindheimeri  (Gray)  Green;  PBA;  sandy  soil  south  of  Voca,  TX. 

Melothria  pendula  L.;  R;  moist  sandy  soil. 

CUPPRESSACEAE 

Juniperus ashei  Buch.;  OS;  rocky  soil  of  ravines  and  rimrocks. 

Juniperus  pinchotii  Sudw.;  OS;  rocky  soil  of  ravines  and  rimrocks. 

CYPERACEAE 

Bulbostylis  capillaris  (L.)  Clarke;  R;  wet  seeps  in  granitic  soil. 

Carex  brittoniana  Bailey;  R;  riparian  areas. 

Care x  emoryi  Dew;  R;  rooted  in  mud  near  water. 

Carex  muhlenbergia  Scheele;  R;  wet  soil  near  water. 

Cladium  jamaicense  Crantz.;  R;  stream  riparia. 

Cyperus  acuminatus  T.  &  G.;  R;  moist  area  near  water. 

Cyperus  odoratus  L.;  R;  moist  areas  near  streams. 

Cyperus  ovu laris  (Michx.)  Torr.  var.  cylindricus  (Ell.)  Torr.;  R;  moist  areas  near  streams. 
Cyperus  rotundus  L.;  reported  by  McCart  (1966). 

Cyperus  setigerus  Torr.  &  Hook.;  R ;  wet  soil  near  water. 

Eleocharis  macrostachya  Britt.;  R;  riparia. 

Eleocharis  montevidensis  Knuth;  R;  margins  of  rivers,  lakes, and  streams. 

Fuirena  simplex  Vahl. ;  R;  stream  riparia. 

EBENACEAE 

Disopyros  t  ex  ana  Scheele;  OS,  PBA;  shallow  limestone  and  granite  slopes. 

EPHEDRACEAE 

Ephedra  antisyphilitica  C.  A.  Mey;  OS,  MG,  PBA;  throughout  the  county. 

EQUISETACEAE 

Equisetum  laevigatum  A.  Br.;  reported  by  Correll  (1956). 

EUPHORBIACEAE 

Acalypha  lindheimeri  Muell.  Arg. ;  OS;  limestone  hills  and  ridges. 

Acalypha  monococca  (Engelm.)  L.  Mill;  PBA;  sandy  soil. 

Acalypha  ostryaefolia  Ridd.;PBA;  shaded  sandy  areas. 

Argythamnia  mercurialina  (Nutt.)  Muell.  Arg.  var.  mercurialina;  OS;  rocky  limestone  soils. 
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Argythamnia  neomexicana  Muell. ;  OS;  limestone  soils. 

Cnidoscolus  t exanus  (Muell.  Arg.)  Small;  PBA;  sandy  soils. 

Croton  dioicus  Cav.;  OS,  MG;  mesquite  grasslands  and  disturbed  areas. 

Croton  lindheimerianus  Scheele  var.  lindheimerianus;  PBA;  disturbed  granitic  soil. 

Croton  monanthogynus  Michx.;  OS,  MG;  common  in  disturbed  calcareous  areas. 

Croton  pottsii  (Kl.)  Muell.  Arg.;  OS,  MG;  common  in  calcareous  soils. 

Croton  texensis  (Kl.)  Muell.  Arg.;  PBA;  uncommon  in  sandy  soil. 

Euphorbia  albomarginata  Torr.  &  Gray;  OS,  MG;  in  limestone  soils. 

Euphorbia  cyanthophora  Murr.;  R;  disturbed  area  of  Brady  Creek  in  Brady,  TX. 

Euphorbia  fendleri  Torr.  &  Gray  var .fendleri;  OS,  MG;  disturbed  calcareous  soils. 

Euphorbia glyptosperma  Engelm.;  PBA;  disturbed  granitic  soils. 

Euphorbia  lata  Engelm.;  OS;  disturbed  calcareous  soils. 

Euphorbia  maculata  L;  MG;  disturbed  areas. 

Euphorbia  marginata  Pursh.;  OS;  roadsides  and  grassland  drainage  areas. 

Euphorbia  nutans  Lag.;  R;  riparian  of  Colorado  River. 

Euphorbia  prostrata  Ait.;  OS;  disturbed  calcareous  clay  loam  soil. 

Euphorbia  serpens  H.B.K.;  MG;  disturbed  clay  loam  soils. 

Euphorbia  spathulata  Lam.;  OS,  MG;  disturbed  calcareous  areas. 

Euphorbia  strictospora  Engelm.;  PBA;  granitic  gravel. 

Phyllanthus  polygonoides  Spreng.;  OS;  rocky  limestone  soil. 

Stillingia  texana  I.  M.  Johnst.;  OS;  rocky  limestone  areas,  especially  roadsides. 

Tragia  ramosa  Torr.;  OS;  rocky  limestone  areas. 

FAGACEAE 

Quercus  fusiformis  Small;  OS,  MG,  PBA,  R;  throughout  the  county. 

Quercus  macrocarpa  Michx.;  reported  by  Little  (1976). 

Quercus  marilandica  Muenchh.;  PBA;  uncommon,  scattered  throughout  the  Post  Oak-Blackjack 
Oak  Association. 

Quercus  muehlenbergii  Engelm. ;  reported  by  Little  (1971). 

Quercus  sinuata  Walt.  var.  breviloba  (Torr.)  C.  H.  Muller;  OS;  rocky  limestone  areas. 

Quercus  stellata  Wang.;  PBA;  sand  and  gravel  south  of  Voca,  TX. 

Quercus  texana  Buckl.;  OS;  common  on  rocky  limestone  uplands. 

FUMARIACEAE 

Corydalis  curvisiliqua  Engelm.  var.  curvisiliqua\  OS,  MG;  disturbed  limestone  soils. 

GENTIANACEAE 

Centaurium  beyrichii  (T.  &  G.)  Robins,  var.  beyrichii\  OS;  rocky  limestone  slopes. 
Centaurium  calycosum  (Buckl.)  Fern.  var.  breviflorum  Shinners;  PBA; granitic  soils. 
Centaurium  calycosum  (Buckl.)  Fern.  var.  calycosum ;  OS,  MG;  open  grasslands  and  roadsides. 
Eustoma  grandiflorum  (Raf.)  Shinners  var.  grandiflorum;  OS;  shallow  limestone  soil. 

Sabatia  campestris  Nutt.;  PBA;  granitic  soils. 

GERANIACEAE 

Erodium  cicutarium  (L.)  L’Hers. ;  OS;  roadsides  and  disturbed  areas. 

Erodium  texanum  Gray;  OS;  roadsides  and  disturbed  limestone  areas. 

Geranium  texanum  (Trel.)  Heller;  R;  alluvium  of  San  Saba  River. 
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GRAMINEAE 
(Gould,  1975b) 

Agropyron  smithii  Rydb;  MG;  rare  in  protected  areas. 

Agrostis  semiverticillata  (Forsk.)  Christ.;  R;  near  rivers  and  stock  tanks. 

Andropogon  glomeratus  (Walt.)  B.S.P.;  R;  uncommon  along  streams. 

Aristida  longiseta  Steud.;  OS,  MG;  grasslands. 

Aristida  purpurea  Nutt.;  OS,  MG,  PBA;  disturbed  soils. 

Aristida  roemeriana  Scheele;  OS,  MG;  uncommon  in  disturbed  soils. 

Aristida  wright ii  Nash;  OS,  MG;  disturbed  soils. 

Arundo  donax  L.;  PBA;  roadsides  in  sandy  soils. 

Avena  fatua  L.  var.  sativa  (L.)  Thell.;  OS,  MG;  escaped  cultivar. 

Bothriochloa  harbinodis  (Lag.)  Herter  var.  barbinodis;  OS,  MG,  PBA;  sandy  and  loamy  soils 
of  grasslands,  breaks, and  open  areas. 

Bothriochloa  barbinodis  (Lag.)  Herter  var.  perforata  (Trin.  ex.  Fourn.)  Gould;  OS,  MG,  PBA; 
grasslands,  breaks, and  open  areas. 

Bothriochloa  ischaemum  (L.)  Keng.  var.  songarica  (Rupr.)  Celerier  and  Harlan;OS,  MG,  PBA; 
commonly  introduced  to  grasslands  and  frequently  on  roadsides. 

Bothriochloa  pertusa  (L.)  A.  Camus;  OS;  uncommon  introduction  to  grasslands. 

Bothriochloa  saccharoides  (Sw.)  Rydb.  var.  torreyana  (Steud.)  Gould; OS,  MG,  PBA; common 
throughout  county. 

Bouteloua  curtipendula  (Michx.)  Torr.  var.  caespitosa  Gould  and  Kapadia;  OS,  MG,  PBA; 
throughout  the  county. 

Bouteloua  curtipendula  (Michx.)  Torr.  var.  curtipendula-,  OS,  MG,  PBA;  throughout  the  county. 
Bouteloua  gracilis  (H.B.K.)  Lag.  ex  Steud;  MG;  uncommon. 

Bouteloua  hirsuta  Lag;  OS,  MG;  open  limestone  loam  areas. 

Bouteloua  rigidiseta  (Steud.)  Hitchc.;  OS;  heavily  grazed  grasslands. 

Bouteloua  trifida  Thunb.;OS,  MG;  heavily  grazed  grasslands. 

Bromus  japonicus  Thunb.;  OS,  MG,  PBA,  R;  common  on  roadsides  and  disturbed  areas. 
Bromus  unioloides  H.B.K. ;  OS,  MG,  PBA,  R;  common  throughout  county. 

Buchloe  dactyloides  (Nutt.)  Engelm.;OS,  MG,  PBA;  common  throughout  county. 

Cenchrus  incertus  M.  A.  Curtis;  OS,  MG,  PBA;  common  in  disturbed  areas. 

Cenchrus  longispinus  (Hackel)  Fernald;  PBA;  sandy  soils. 

Chloris  cucullata  Bisch;  OS,  MG,  PBA;  common  in  disturbed  areas. 

Chloris  verticillata  Nutt.;  OS,  MG;  common  in  disturbed  areas. 

Chloris  virgata  Sw.;  OS,  MG;  common  in  disturbed  areas. 

Cynodon  dactylon  (L.)  Pers. ;  OS,  MG,  PBA,  R;  escaped  cultivar,  common  throughout  county, 
especially  riparian  areas. 

Dichanthelium  oligosanthes  (Schult.)  Gould  var .  scribnerianum  (Nash)  Gould;  OS,  MG,  PBA, 
R;  throughout  county. 

Dichanthium  annulatum  Stapf. ;  OS;  uncommon  introduction  to  grasslands. 

Digitaria  bicornis  (Lam.)  R.  &  S.;  OS,  PBA ;  occasional  on  roadsides  and  disturbed  areas. 
Digitaria  sanguinalis  (L.)  Scop.;  OS,  MG,  PBA;  common  weed  of  lawns. 

Echinochloa  colona  (L.)  Link.;  PBA;  uncommon  in  disturbed  areas. 

Echinochloa  crusgalli  (L.)  Beauv. ;OS;  common  in  disturbed  areas. 

Elymus  canadensis  L.  var.  canadensis-,  OS,  MG,  PBA,  R;  common  throughout  county. 
Eragrostis  barrelieri  Daveau.;  OS,  MG;  common  in  disturbed  areas. 

Eragrostis  cilianensis  (All.)  E.  Mosher;  OS,  MG;  common  in  overgrazed  areas. 

Eragrostis  curtipedicellata  Buckl.;  OS,  MG,  PBA;  uncommon. 

Eragrostis  curvula  (Schrad.)  Nees.;  OS,  MG;  introduced  into  grassland. 
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Eragrostis  intermedia  Hitchc.;  OS,  MG;  common  on  roadsides. 

Eragrostis  lugens  Nees.;  OS,  MG;  uncommon  in  disturbed  areas. 

Eragrostis  secundiflora  Presl.;  OS,  MG;  common  in  disturbed  and  overgrazed  areas. 

Eragrostis  superba  Peyr.;  OS;  uncommon  introduction  to  grasslands. 

Eriochloa  sericea  (Scheele)  Munro.;  OS,  MG;  uncommon  in  protected  areas. 

Erioneuron  pilosum  (Buckl.)  Nash;  OS,  MG,  PBA;  common  in  heavily  grazed  areas. 

Hilaria  belangeri  (Steud.)  Nash;  OS;  common  in  limestone  soils. 

Hilaria  mutica  (Buckl.)  Benth.;  MG;  uncommon  in  mesquite  grasslands. 

Hordeum  jubatum  L. ;  OS,  MG;  occasional  in  clay  loam  soils. 

Hordeum  leporinum  Link.;  OS,  MG,  PBA;  disturbed  areas. 

Hordeum  pusillum  Nutt.;  OS,  MG,  PBA;  common  in  disturbed  areas. 

Leptochloa  dubia  (H.B.K.)  Nees;  OS,  MG,  PBA,  R;  occasional  in  protected  areas. 

Leptochloa  fascicularis  (Lam.)  Gray;  R;  in  muddy  clay  soils  around  water. 

Leptochloa  filiformis  (Lam.)  Beauv.;  OS,  MG,  PBA;  weed  in  disturbed  areas. 

Leptoloma  cognatum  (Schult.)  Chase  var.  cognatum;  OS,  MG;  variety  of  soils. 

Limnodea  arkansana  (Nutt.)  L.  H.  Dewey;  OS;  occasional  in  open  grasslands  and  rocky  slopes. 
Melica  nitens  (Scribn.)  Nutt,  ex  Piper;  OS,  R;  undisturbed  rocky  slopes  and  bottoms. 
Muhlenbergia  arenicola  Buck;  OS,  MG;  clay  loam  soils. 

Panicum  antidotale  Retz.;  R;  near  streams. 

Panicum  capillare  L.;  OS,  MG;  common  in  disturbed  areas. 

Panicum  coloratum  L.  Mant.;  OS,  MG,  PBA;  common  introduction  into  grasslands. 

Panicum  fasciculatum  Swartz;  OS,  MG;  usually  in  disturbed  areas. 

Panicum  hallii  Vasey  var.  hallii ;  OS,  MG;  limestone  loams. 

Panicum  obtusum  H.B.K. ;  OS,  MG,  PBA;  common  in  open  grasslands. 

Panicum  texanum  Buckl.;  OS,  MG,  PBA;  common  in  disturbed  areas. 

Panicum  virgatum  L;  R;  common  along  rivers  and  streams. 

Paspalum  dilatatum  Poir. ;  OS,  MG;  common  in  disturbed  areas  and  lawns. 

Paspalum  distichum  L.  var.  distichum  \  R;  common  along  streams  and  near  stock  tanks. 
Paspalum  publiflorum  Papr.  ex  Fourn.  var.  publiflorum-,  R;  rare  along  San  Saba. 

Phlaris  caroliniana  Walt.;  OS,  PBA;  limestone  loams  and  sands. 

Poa  arachnifera  Torr.;  R;  rare  in  protected  areas  near  streams. 

Poa  bigelovii  Vasey  &  Scribn.;  OS;  rare  on  rocky  slopes  near  Brady  Lake. 

Polypogon  monospeliensis  (L.)  Desf.;  R;  occasional  along  streams. 

Schedonnardus  paniculatus  (Nutt.)  Trek;  OS;  clay  loam  grasslands. 

Schizachyrium  scoparium  (Michx.)  Nash  var.  frequens  (C.  E.  Hubb.)  Gould;  OS,  MG,  PBA; 
rocky  slopes. 

Setaria glauca  (L.)  Beauv.;  OS,  MG;  occasional  in  disturbed  areas. 

Setaria  ramiseta  (Scribn.)  Pilger;  OS,  MG;  calcareous  soils  of  open  grasslands. 

Setaria  reverchonii  (Vasey)  Pilger;  OS,  MG;  well-drained  limestone  soils. 

Setaria  scheelei  (Steud.)  Hitchc.;  OS,  R;  common  in  shade  of  roadsides  and  near  streams. 
Setaria  viridis  (L.)  Beauv.;  OS,  MG;  common  in  disturbed  soils. 

Sorghastrum  nutans  (L.)  Nash;  OS,  MG,  PBA;  occasional  where  protected. 

Sorghum  halapense  (L.)  Pers.;  OS,  MG,  PBA,  R;  common  weed  of  fields  and  roadsides. 
Sporobolus  asper  (Michx.)  Kunth  var.  drummondii  (Trin.)  Vasey;  MG;  clay  loam  soils. 
Sporobolus  cryptandrus  (Torr.)  A.  Gray;  MG;  occasional  in  mesquite  flats. 

Stenotaphrum  secundatum  (Walt.)  Kuntze;  OS,  R;  disturbed  limestone  soils. 

Stipa  leucotricha  Trin.  &  Rupr.;  OS,  MG,  PBA,  R;  loamy  soils  of  brushlands  and  roadsides. 
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Tridens  albescens  (Vasey)  Woot.  &  Standi.;  OS,  MG,  R;  moist  soils  near  water  and  roadsides. 
Tridens  eragrostoides  (Vasey  &  Scribn.)  Nash;  OS;  protected  areas. 

Tridens  flavus  (L.)  Hitchc.  vzx.flavus ;  PBA;  protected  areas  with  sandy  soil. 

Tridens  muticus  (Torr.)  Nash  v&x.elongatus  (Buckl.)  Shinners;  OS,  MG;  common  in  limestone 
loams. 

Tridens  muticus  (Torr.)  Nash  var.  muticus ;  OS,  MG;  common  in  limestone  loams  and  mesquite 
grasslands. 

Tripsacum  dactyloides  (L.)  L.;  R;  rare  along  Brady  Creek. 

Triticum  aestivum  L.;  OS,  MG;  escaped  cultivar,  common  in  roadsides. 

Vuplia  octoflora  (Walt.)  Ryb.  var.  hiriella  (Piper)  Henr.;  PBA;  uncommon. 

HALORAGACEAE 

Myriophyllum  heterophyllum  Michx.;  R;  stream  riparia. 

HYDROPHYLLAC  EAE 

Nama  hispidum  Gray;  PBA;  granitic  soils. 

Phacelia  congesta  Hook.;  OS,  PBA;  sand  and  limestone  soils. 

Phacelia  patuliflora  (Engelm.  &  Gray)  Gray  var.  teucrifolia  (I.  M.  Johnston)  Const.;  OS,  PBA, 
various  soil  types. 

IRIDACEAE 

Sisyrinchium  dimorphum  R.  Oliv.;  OS;  clay  loam  grasslands. 

Sisyrinchium  ensigerum  Bickn.;  OS;  clay  loam  soils. 

JUGLANDACEAE 

Cary  a  illinoensis  (Wang.)  K.  Koch;  OS,  MG,  PBA,  R;  common  along  stream  and  river  riparia, 
commonly  cultivated  in  various  other  areas. 

JUNCACEAE 

(Correll  and  Correll,  1972) 

Juncus  dudleyi  Wieg.;  R;  moist  stream  margins. 

Juncus  t exanus  (Engelm.)  Cov.;  R;  stream  and  lake  margins. 

Juncus  torreyi  Cov.;  R;  stream  and  lake  margins. 

KRAMERIACEA 

Krameria  lanceolata  Torr.;  OS,  PBA; rocky  slopes  and  ridges. 

LABIATAE 

Brazoria  scutellarioides  Engelm.  &  Gray;  calcareous  soil. 

Hedeoma  drummondii  Benth.  var.  reverchonii  Gray;  rocky  limestone  hillsides  and  disturbed 
areas. 

Lamium  amplexicaule  L. ;  OS,  MG;  disturbed  calcareous  soils. 

Marrubium  vulgare  L.;  OS,  MG;  overgrazed  and  disturbed  areas. 

Monarda  citriodora  Cerv.  var.  citriodora',  OS,  PBA;  occasional  on  clay  loam  and  gravel  soils, 
especially  roadsides. 

Monarda  punctata  L.  var.  immaculata  (Penn.)  Scora.;  OS;  rocky  limestone  soils. 

Monarda  punctata  L.  var.  intermedia  (McCl.  &  Epl.)  Water  fall;  OS;  rocky  limestone  soils. 
Salvia  azurea  Lam.  \2s.grandifl0ra  Benth.;  OS;  limestone  grasslands. 

Salvia  farinacea  Benth.;  OS;  calcareous  soils. 
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Salvia  reflexa  Hornem. ;  OS,  MG;  disturbed  calcareous  soils. 

Salvia  roemeriana  Scheele;  OS;  rocky  limestone  slopes. 

Salvia  texana  (Scheele)  Torr.;  OS,  MG;  mesquite  grasslands. 

Scutellaria  drummondii  Benth.;  OS,  MG;  mesquite  grasslands. 

Scutellaria  wrightii  Gray;  OS;  limestone  slopes  and  open  grasslands. 

Teucrium  canadense  L.  var.  canadense;  R;  river  and  lake  riparia. 

Teucrium  laciniatum  Torr.;  OS,  MG;  limestone  loams  of  roadsides  and  grasslands. 

LEGUM INOSAE 
(Incl.  Turner,  1959) 

Acacia  greggii  Gray;  reported  by  Little  (1976). 

Acacia  hirta  T.  &  T.;  MG;  occasional  in  mesquite  grasslands. 

Amorpha  fruticosa  L.  var.  angustifolia  Pursh.;  R;  rocky  areas  near  riparia. 

Astragalus  crassicarpus  Nutt.  var.  crassicarpus;  OS,  MG;  calcareous  soils. 

Astragalus  lindheimeri  Gray;  OS,  PBA;  shallow  soils. 

Astragalus  lotiflorus  Hook.;  MG;  disturbed  clay  loam. 

Astragalus  nuttallianus  A.  DC.  var.  macilentus  (Small)  Barneby;  reported  by  Barneby  (1952). 
Astragalus  nuttallianus  A.  DC.  var.  nutallianus ,  OS;  shallow  limestone  soil. 

Astragalus  nuttallianus  A.  DC.  var.  trichocarpus  T.  &  G.;  reported  by  Turner  (1959). 

Cassia  pumilo  Gray;  OS;  disturbed  limestone  soil. 

Cassia  roemeriana  Scheele;  OS;  overgrazed  limestone  areas. 

Cercis  canadensis  L.  var.  texensis  (Wats.)  Rose;  OS,  PBA;  shallow  ridges  and  hills. 

Dalea  frutescens  Gray;  OS;  shallow  limestone  ridges. 

Dalea  lasiathera  Gray;  OS;  shallow  limestone  hills  and  ridges. 

Dalea  nana  Torr.  var.  nana;  reported  by  Turner  (1959). 

Dalea  pogonathera  Gray;  OS,  MG;  calcareous  soils  of  open  grasslands. 

Desmanthus  illinoensis  (Michx.)  MacM.;  R;  riparia  and  roadsides. 

Desmanthus  velutinus  Scheele;  OS,  PBA;  shallow  soils. 

Eysenhardtia  texana  Scheele;  OS,  PBA;  uncommon  on  shallow  limestone  and  granite  soils. 
Hoffmanseggia glauca  (Ort.)  Eifert;  OS,  MG;  disturbed  calcareous  soils. 

Indiogfera  miniata  Ort.  var.  texana  (Buckl.)  B.  L.  Turner;  PBA;  uncommon  in  sandy  soil. 
Lotus  purshianus  (Benth.)  Clements  &  Clements;  reported  by  Turner  (1959). 

Lupinus  texensis  Hook.;  OS,  PBA;  common  in  calcareous  soils. 

Medicago  minima  (L.)  L.;  OS;  limestone  soils. 

Medicago  polymorpha  L.  var.  vulgaris  (Benth.)  Shinners;  IS,  R;  disturbed  soils  near  water. 
Medicago  sativa  L.;  OS,  MG;  escaped  cultivar,  common  on  roadsides. 

Melilotus  indicus  (L.)  All.;  R;  near  streams  in  moist  soil. 

Mimosa  borealis  Gray;  OS,  MG;  open  grasslands. 

Mimosa  buncifera  Benth.;  OS,  MG;  open  calcareous  grasslands. 

Parkinsonia  aculeata  L.;  OS;  escaped  cultivar  near  Brady,  TX. 

Petalostemum  multiflorum  Nutt.;  reported  by  Turner  (1959). 

Prosopis  glandulosa  Torr.  var .  glandulosa;  OS,  MG,  PBA,  R;  common  in  all  areas. 

Psoralea  cuspidata  Pursh.;  OS;  rocky  limestone  areas. 

Psoralea  latestipulata  Shinners  var.  latestipulata;  reported  by  Ockendon  (1965). 

Psoralea  rhombifolia  Torr.  &  Gray;  reported  by  Turner  (1959)  and  McCart  (1966). 
Rhynchosia  texana  Torr.  &  Gray;  OS;  common  in  calcareous  soil. 

Schrankia  roemeriana  (Scheele)  Blank;  OS;  common  in  calcareous  soil. 
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Sesbania  macrocarpa  Muhl.;  PBA,  R;  in  sub-irrigated  sandy  soil  of  creek  bed. 

Sophora  affinis  Torr.  &  Gray ;  OS,  PBA;  limestone  and  sandy  soils. 

Sophora  secundiflora  (Ort.)  DC. ;  OS;  shallow  limestone  soil. 

Tephrosia  lindheimeri  Gray;  PBA;  sandy  soils. 

Vicia  leavenworthii  Torr.  &  Gray ;  OS;  roadsides. 

Vida  ludovidana  Nutt.  var.  laxiflora  Shinners;  OS;  uncommon  on  calcareous  soils. 

LEMNACEAE 

Lenina  minor  L.;  R;  floating  in  shallow  water  of  streams. 

LENTIBULARIACEAE 

Utricularia  cornuta  Michx.;  PBA,  R;  rare  along  seeps  and  sub-irrigated  streambeds  of  granitic 
soils. 


LILIACEAE 

Allium  canadense  L.  var.  fraseri  M.  Owenby;  OS,  MG;  grasslands  and  limestone  slopes. 
Allium  canadense  L.  var.  hyacinthoides  (Bush)  M.  Owenby;  OS,  MG;  limestone  soils. 

Allium  drummondii  Regel;  OS;  limestone  soils. 

Nolina  texana  Wats.;  OS;  limestone  soils,  frequently  on  shallow  ridges. 

Nothoscordum  bivalve  (L.)  Britt.;  OS,  MG,  PBA;  occasional  on  various  soils. 

Simlax  bona-nox  L.;  R;  common  in  woods,  particularly  stream  riparia. 

Simlax  renifolia  Small;  R;  stream  riparia. 

Yucca  constricta  Buckl.;  OS,  MG;  common  in  various  soils. 

Yucca  flaccida  Haw.;  PBA;  in  sands  near  Voca,  TX,  escaped  cultivar. 

Yucca  pallida  McKelvey;  OS;  occasional  on  limestone  ridges. 

Yucca  reverchonii  Trel.;  OS;  limestone  ridges. 

Yucca  rupicola  Scheele;  OS,  PBA;  shallow  grasslands. 

Yucca  torreyi  Shafer;  OS,  MG;  shallow  ridges. 

LINACEAE 

Linum  pratense  (Nort.)  Small;  OS,  MG;  disturbed  areas  and  roadsides. 

Linum  rigidum  Pursh.  var.  berlandieri  (Hook.)  Torr.  &  Gray;  OS;  disturbed  limestone  areas. 
Linum  rupestre  (Gray)  Engelm. ;  OS;  calcareous  soils. 

LOASACEAE 

Cevallia  sinuata  Lag.;  OS;  rocky  and  disturbed  areas. 

Mentzelia  oligosperma  Sims.;  OS;  rocky  slopes  and  ridges. 

LYTHRACEAE 

Ammannia  coccinea  Rottb.;  R;  clay  soils  near  lake. 

Lagerstroemia  indica  L.;  OS;  escaped  cultivar  on  roadsides. 

Ly  thrum  ovalifolium  Koehne.;  R;  rare  in  gravelly  creekbeds  of  granite  areas. 

MALVACEAE 

Abutilon  incanum  (Link.)  Sweet.;  limestone  soils. 

Callirhoe  involucrata  (Torr.)  Gray  var.  involucrata",  OS;  calcareous  soils  of  grasslands  and 
roadsides. 

Callirhoe  involucrata  (Torr.)  Gray  var.  lineariloba  (T.  &  G.)  Gray ;  OS,  MG,  PBA,  R ;  in  a  variety 
of  soils  throughout  the  county. 
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Malva  neglecta  Wallx.;  OS;  disturbed  calcareous  soils. 

Sida  physocalyx  Gray;  OS;  rocky  areas  and  clay  loam  soils;  especially  when  disturbed. 
Sphaeralcea  angustifolia  (Cav.)  D.  Don.  var.  angustifolia;  MG,  PBA;  roadsides. 

Sphaeralcea  coccinea  (Pursh.)  Rydb.  var.  data  (E.  G.  Baker)  Kearn.;  OS;  disturbed  limestone 
soil. 

Wissadula  holosericea  (Scheele)  Gke.;  rocky  hills  and  ridges. 

MARSILEACEAE 

Marsilea  uncinata  A.  Br.;  R;  shallow  water  of  streams. 

MARYTNIACEAE 

Proboscidea  louisianica  (Mill.)  The  11.;  OS,  MG;  loose  disturbed  soil. 

MELIACEAE 

Melia  azedarach  L.;  OS;  roadside  north  of  Brady,  TX. 

MENISPERMACEAE 

Cocculus  carolinus  (L.)  DC.;  OS,  PBA,  R;  shaded  riparian  areas. 

MORACEAE 

Morns  alba  L. ;  OS;  rare  in  rocky  limestone  areas. 

Moms  microphylla  Buckl. ;  OS,  R;  occasional  along  Brady  Creek. 

NAJADACEAE 
(Correll  and  Correll,  1972) 

Najas guadalupensis  (Spreng.)  Margrus;  R;  rivers,  lakes,and  stock  tanks. 

NY  CTAG1NACEAE 

Adeisanthes  longiflora  Gray;  OS,  MG;  disturbed  limestone  soils. 

Boerhaavia  cocdnea  Mill.;  OS;  disturbed  limestone  soil. 

Mirabilis  linearis  (Pursh)  Heimerl.;  OS;  disturbed  limestone  soils. 

NYMPHAEACEAE 

Nuphar  luteum  subsp.  macrophyllum  (Small)  E.;  Beal;  R;  growing  in  water. 

OLEACEAE 

Forestiera  pubescens  Nutt.  var.  glabrifolia  Shinners;  OS;  rocky  limestone  areas. 

Forestiera  pubescens  Nutt.  var.  pubescens;  PBA;  granite  and  sands. 

Menodora  heterophylla  Moric.;  OS;  shaded  areas  with  calcareous  soils. 

Menodora  longiflora  Gray;  OS;  gravelly  soil,  1  km  south  of  Mercury,  TX. 

ONAGRACEAE 

Calylophus  berlandieri  Spach.  subsp.  pinifolius  (Engelm.  ex  A.  Gray)  Towner;  reported  by 
Towner  (1977). 

Calylophus  drummondianus  Spach.  subsp.  dmmmondianus;  OS;  rocky  soil  of  roadsides. 

Calylophus  hartweigii  (Benth.)  Raven  subsp.  pubescens  (Gray)  Towner  &  Raven;  OS;  rocky 
and  loamy  soils. 

Gaura  brachycarpa  Small;  OS;  clay  loam  roadsides. 

Gaura  calcicola  Raven  &  Gregory;  OS;  limestone  soil. 
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Gaura  drummondii  (Spach.)  T.  &  G.;  reported  by  Raven  and  Gregory  (1972). 

Gaura  odorata  Lag.;  OS;  roadside. 

Gaura  parviflora  Hook.;  OS,  PBA;  clay  loam  and  granitic  gravel. 

Gaura  suffulta  Gray  subsp.  suffulta ;  OS,  MG;  grasslands,  disturbed  areas  and  roadsides. 
Ludwigia  peploides  (H.B.K.)  Raven  subsp.  peploides-,  R;  shoreline  of  Brady  Lake. 

Oenothera grandis  (Britt.)  Smyth;  OS;  PBA;  clay  loams  and  sands. 

Oenothera  kunthiana  (Spach.)  Munz.;  OS,  MG,  R;  roadsides  and  riparia. 

Oenothera  laciniatha  Hill;  PBA;  granitic  gravel. 

Oenothera  speciosa  Nutt.;  OS;  open  grasslands. 

Oenothera  trilobata  Nutt.;  OS;  roadsides. 

OROBANCHACEAE 

Orobanche  ludoviciana  Nutt.;  reported  by  Collins  (1973). 

OXALIDACEAE 

Oxalis  dillenii  Jacq.;  OS,  MG,  R;  calcareous  soils  of  grasslands  and  riparia. 

Oxalis  drummondii  Gray;  OS;  sandy  or  disturbed  soils. 

Oxalis  stricta  L.;  OS;  limestone  soils. 

PAPAVERACEAE 

Argemone  albiflora  Hornem.  subsp.  texana  G.  Owenby;  OS,  MG;  disturbed  and  overgrazed 
areas. 

Argemone  polyanthemos  (Fedde)  G.  Owenby ;  reported  by  McCart  (1966). 

Argemone  squarrosa  Greene  subsp.  glabrata  G.  Owenby;  OS,  MG;  disturbed  and  overgrazed 
areas. 


PASSIFLORACEAE 

Passiflora  tenuiloba  Engelm. ;  OS;  limestone  soils. 

PHYTOLACCACEAE 

Phytolacca  americana  L.;  OS,  PBA,  R;  moist  rich  soil. 

Rivina  humilis  L.;  OS,  MG,  PBA,  R;  shaded  areas  with  moist  soil. 

PLANTAGINACEAE 

Platanus  occidentals  L.;  R;  occasional  near  stock  tanks  and  rivers. 

POLEMONIACEAE 

Gilia  rigidula  Benth.  subsp.  rigidub;  OS,  PBA;  dry  rocky  slopes. 

Ipomopsis  rubra  (L.)  Wherry;  OS,  PBA;  rocky  and  sandy  areas,  especially  roadsides. 
Phlox  drummondii  Hook,  subsp.  johnstonii  (Wherry)  Wherry;  PBA;  sandy  soil. 

Phlox  drummondii  Hook,  subsp.  mcallisteri  (Whitch.)  Wherry;  PBA;  sand  and  gravel. 
Phlox  roemeriana  Scheele;  OS;  limestone  soils. 

POLYGALACEAE 

Polygala  alba  Nutt.;  OS,  roadsides. 

Polygala  tweedy i  Britt.;  OS;  uncommon  in  limestone  soils. 

POLYGONACEAE 

Eriogonum  annuum  Nutt.;  PBA;  sandy  soils. 

Persicaria  bicornis  (Raf.)  Nieuw.;  R;  disturbed  areas  near  water. 
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Persicaria  lapathifolia  (L.)  Small;  R;  wet  soil  near  water. 

Persicaria  punctata  (Ell.)  Small;  R;  wet  soil  near  water. 

Rumex  altissimus  Wood;  PBA,  R;  sandy  soil  near  Voca,  TX. 

Rumex  crispus  L.;  OS,  MG,  PBA,  R;  roadsides  and  riparia. 

POLYPODIACEAE 

Cheilanthes  horridula  Maxon;  OS;  shaded  areas  on  limestone  cliffs. 

Cheilanthes  lindheimeri  (J.  Sm.)  Hook.;  PBA;  granite  rocks  and  crevices. 

Cheilanthes  tomentosa  Link.;  OS,  PBA;  limestone  and  granite  rocks  and  crevices. 

Notholaena  dealbata  (Pursh)  Kunze;  reported  by  Correll  (1956). 

Pellaea  ternifolia  (Cav.)  Link.  var.  wrightiana  (Hook.)  A.Tryon;  PBA;  granite  rocks  and  crevices. 
Woodsia  obtusa  (Spreng.)  Torr.;  OS,  PBA;  shaded  ledges  and  cliffs. 

PONTEDERIACEAE 

Heteranthera  dubia  (Jacq.)  MacM.;  R;  stock  tanks  and  lakes. 

PORTULAC  ACEAE 

Portulaca  mundula  I.  M.  Johnst.;  PBA;  sandy  soils. 

Talinum  aurantiacum  Engelm.;  OS,  MG;  rocky  slopes. 

POTAMOGETONACEAE 

Potamogeton  illinoensis  Morong.;  R;  rivers,  lakes,  and  stock  tanks. 

Potamogeton  nodosus  Poir.;  R;  rivers,  lakes,  and  stock  tanks. 

PUNICACEAE 
(Vines,  1960) 

Punica  granatum  L.;OS;  escaped  cultivar. 

R  AFFLESIACEAE 

Pilostyles  thurberi  Gray;  OS;  parasitic  on  Dalea  frutescens. 

RANUNCULACEAE 

Anemone  heterophylla  Nutt.;  OS;  limestone  soils. 

Clematis  drummondii  T.  &  G.;  OS,  MG;  climbing  fences  and  shrubs. 

Clematis  pitched  T.  &  G. ;  R;  stream  riparia. 

Delphinium  virescens  Nutt.  var.  macroceratilis  (Rydb.)  Cory;  roadsides. 

RHAMNACEAE 

Ceanothus  herbaceus  Raf.;  OS;  crevices  in  limestone  cliffs. 

Colubdna  texensis  (T.  &  G.)  Gray;  OS;  rocky  limestone  soils. 

Condalia  viridis  I.  M.  Johnst.;  reported  by  Johnston  and  Johnston  (1969). 

Ziziphus  obtusifolia  (T.  &  G.)  Gray;  OS,  MG;  mesquite  grasslands. 

ROSACEAE 

Crataegus  mollis  Scheele;  R;  rare  in  gravel  near  Milburn,  TX. 

Prunus gracilis  Engelm.  &  Gray;  R;  stream  riparia. 

Prunus  persica  (L.)  Batsch.;  R;  escaped  cultivar  on  roadsides. 
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Prunus  rivularis  Scheele;  PDA,  R;  deep  sand  near  stream. 

Pmnus  umbellata  Ell.;  R;  stream  riparia. 

Rubus  trivalis  Michx.;  PBA;  roadsides. 

RUBIACEAE 

Cephalanthus  occidentals  L.  var.  californicus  Benth.;  R;  along  banks  of  rivers,  lakes, and  streams. 
Diodia  teres  Walt.;  PBA;  sand  soil. 

Galium  aparine  L.;  PBA,  R;  sandy  soils  and  along  San  Saba  River. 

Galium  virgatum  Nutt.;  OS;  rocky  limestone  areas. 

Hedyotis  nigricans  (Lam.)  Fosb.  var.  filifolia  (Chapm.)  Shinners;  OS,  MG ;  hillsides  and  disturbed 
areas. 


RUTACEAE 

Ptelea  trifoliata  L.  subsp.  angustifolia  (Benth.)  Bailey  var.  persicifolia  (Greene)  Bailey;  OS,  R; 
riparia  of  streams  and  rivers. 

Ptelea  trifoliata  L.  subsp.  trifoliata  var.  mollis  T.  &  G.;  OS;  gravel  soils. 

Thamnosama  texana  (Gray)  Torr.;  OS;  hills  and  roadsides. 

Xanthoxylum  hirsutum  Buckl.;  OS,  MG;  rocky  and  loamy  areas. 

SALICACEAE 

Populus  deltoides  Bartry.  var.  deltoides;  R;  along  streams  and  near  stock  tanks. 

Salix  gooddingii  Ball  var.  variabilis  Ball;  R;  stream  and  lake  margins. 

Salix  nigra  Marsh  var.  lindheimera  Schneider;  reported  by  McCart  (1966). 

Salix  nigra  Marsh  var.  nigra ;  R;  common  around  stream  and  lake  margins. 

SAPINDACEAE 

Sapindus  saponaria  L.  var.  drummondii  (H.  &  A.)  L.  Benson;  OS,  MG,  PBA;  sandy  and  clay 
loam  soils. 

Ungnadia  speciosa  Endl.;  OS;  rocky  limestone  soils. 

SAPOTACEAE 

Bumelia  lanuginosa  (Michx.)  Pers.  var.  texana  (Buckl.)  Cronq.;  OS,  PBA;  limestone  cliffs, 
slopes,  and  granitic  outcrops. 

SCROPHULARIACEAE 

Castilleja  indivisa  Engelm;  OS,  PBA;  roadsides  with  clay  loam  or  sand. 

Castilleja purpurea  (Nutt.)  G.  Don  var.  citrina  (Penn.)  Shinners;OS ;  clay  loams  of  roadsides. 
Castilleja  purpurea  (Nutt.)  G.  Don  var.  purpurea’,  OS;  rocky  limestone  soils. 

Leucospora  multifida  (Michx.)  Nutt.;  OS,  PBA;  rocky  limestone  and  granite  areas. 

Linaria  texana  Scheele;  OS,  PBA;  various  soils,  but  more  commonly  found  on  sands  and  granite 
gravel  south  of  Voca,  TX. 

Mecardonia  vandellioides  (H.B.K.)  Penn.;  PBA,  R;  near  stream  or  over  sub-irrigated  stream 
beds  in  granitic  gravel. 

Mimulus glabratus  H.B.K. ;  R;  rooted  in  mud  of  shallow  streams. 

Penstemon  cobaea  Nutt.;  OS,  MG;  loamy  soils  of  roadsides. 

Penstemon  fendlerii  T.  &  G. ;  OS;  clay  loam  roadsides. 

Penstemon  guadalupensis  Heller;  OS,  PBA;  limestone  and  granite  soils. 

Veronica  peregrina  L.  var.  peregrina ;  R;  in  water  of  streams  and  tanks. 
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SELAGINELLACEAE 

Selaginella  riddelli  Var.  Eselt.;  PBA;  on  granitic  rocks  and  soil. 

SOLANACEAE 

Chamaesaraha  coniodes  (Dun.)  Britt.;  OS,  MG;  disturbed  calcareous  soils. 

Daturia  inoxia  Mill.;  R;  river,  stream  and  lake  riparia. 

Lycium  berlandieri  Dun.  var.  berlandieri\  MG;  clay  loam  grasslands. 

Phy salts  lobata  Torr.  var.  lobata;  OS;  disturbed  limestone  soils. 

Physalis  philadelphica  Lam.;  R;  near  water  on  north  side  of  Brady  Lake. 

Physalis  viscosa  L.  var.  cinerascens  (Dun.)  Waterfall;  OS,  PBA;  disturbed  soils. 

Solanum  dimidiatum  Raf. ;  OS,  MG;  disturbed  and  overgrazed  soils. 

Solanum  elaeagnifolium  Cav.;  OS,  MG;  disturbed  and  overgrazed  soils. 

Solanum  rostratum  Dun.;  OS,  MG;  disturbed  and  overgrazed  grasslands. 

Solanum  triquetrum  Cav.;  OS,  MG;  calcareous  soils  of  grasslands  and  disturbed  areas. 

TAMARICACEAE 

Tamarix  gallica  L.;  R;  riparian  areas. 

TYPHACEAE 

Typha  latifolia  L.;  R;  rivers,  lakes,  and  stock  tanks. 

ULMACEAE 

Celtis  laevigata  Willd.  var.  texana  Sarg.;  OS,  MG;  occasional  in  rocky  or  loamy  soils. 

Celtis  reticulata  Torr.;  OS,  MG;  frequent  in  a  variety  of  soils. 

Ulmus  alata  Michx.;  PBA,  R;  uncommon  along  streams  in  granitic  area  south  of  Voca,  TX. 
Ulmus  americana  L.;  OS,  R;  rare  in  deeper  soils  along  streams. 

Ulmus  crassi folia  Nutt.;  OS,  MG,  R;  common  along  river  riparia  and  on  slopes. 

Ulmus  pumila  L.;  PBA;  in  sand  south  of  Voca,  TX,  escaped  cultivar. 

UMBELLIFERAE 

Ammoselinum  popei  T.  &  G.;  OS,  MG;  disturbed  areas. 

Chaerophyllum  tainturieri  Hook.  var.  dasycarpum  Wats.;  OS,  PBA;  open  grasslands. 

Cicuta  maculata  L.;  R;  riparian  areas. 

Eryngium  leavenworthii  T.  &  G. ;  OS,  MG;  roadsides  and  disturbed  soils. 

Poly  taenia  texana  (Coult.  &  Rose)  Math.  &  Const.;  OS,  PBA;  sands  and  limestone  loams. 
Ptilimnium  capillaceum  (Michx.)  Raf.;  R;  near  water  at  Brady  Lake. 

Ptilimnium  nuttallii  (DC.)  Britt.;  PBA;  roadside  in  granitic  gravel. 

Sanicula  canadensis  L. ;  PBA;  wet  sand  and  gravel  south  of  Voca,  TX. 

Torilis  arvensis  (Huds.)  Link.;  R;  near  water. 

URTICACEAE 

Boehmeria  cylindrica  (L.)  Sw.  var.  drummondiana  Wedd.;  R;  alluvial  soils  of  creek  riparia. 
Parietaria  pensylvanica  Muhl.;  PBA;  shaded  areas  near  large  granite  rocks. 

VERBENACEAE 

Aloysia gratissima  (Gill.  &  Hook.)  Tronocoso;  OS,  MG,  PBA;  overgrazed  areas. 

Lantana  camara  L.;  R;  escaped  cultivar  along  Brady  Creek. 
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Lantana  honidula  H.B.K.;  OS,  MG;  locally  abundant  on  roadsides. 

Phyla  incisa  Small.;  R;  stream  and  lake  riparia. 

Verbena  bipinnatifida  Nutt.;  OS,  MG,  PBA;  roadsides  disturbed  areas  and  grasslands. 

Verbena  canascens  H.B.K.  var.  roemeriana  (Scheele)  Perry;  OS;  rocky  limestone  ledges. 
Verbena  halei  Small;  MG,  PBA;  clay  loam  and  gravel  soils. 

Verbena  neomexicana  (Gray)  Small  var.  hirtella  Perry;  OS,  MG,  PBA;  roadsides  in  a  variety 
of  soils. 

Verbena  pumila  Rydb.;  OS;  limestone  soils. 

Vitex  agnus-cactus  L.;  OS,  R;  escaped  cultivar  in  vacant  lots  and  along  stream  riparia. 

VIOLACEAE 

Hybanthus  verticillatus  (Ort.)  Baill.  var.  verticillatus\  OS;  rocky  limestone  hills. 

VISCACEAE 

Phoradendron  tomentosum  (DC.)  Gray  subsp.  tomentosum;  OS,  MG,  PBA,  R;  parasitic  on 
Celtis,  Prosopis,  and  Quercus. 

VITACEAE 

Cissus  incisa  (Nutt.)  Des  Moul.;  OS,  PBA;  shaded  areas  with  calcareous  soils. 

Parthenocissus  quinquefolia  (L.)  Planch;  PBA;  sandy  wooded  areas. 

Partheno cissus  vitacea  (Knerr.)  Hitchc.;  R;  creek  riparia. 

Vitis  rupestris  Scheele;  R;  stream  and  river  riparia. 

ZANNICHELLIACEAE 

Zannichellia  palustris  L.;  R;  rivers,  lakes,  and  stock  tanks. 

ZYGOPHYLLACEAE 

Kallstroemia  hirsutissima  Vail.;  reported  by  McCart  (1966). 

Kallstroemia  parviflora  Nort.;  OS,  MG;  disturbed  areas. 

Tribulus  terrestris  L;  OS,  MG;  disturbed  soils. 
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ABSTRACT 

Effects  of  ethnicity  and  sex  on  school  lunch  menu  item  preference  and  acceptance 
patterns  of  third  graders  in  Northwest  Texas  were  investigated.  Three  ethnic  groups, 
namely  White,  Black,  and  Mexican-American,  were  represented.  The  information  on 
preferences  of  various  menu  items  was  obtained  by  using  check  lists.  The  acceptance 
study  was  carried  out  by  assessing  the  amounts  of  plate  wastes  of  menu  items  that  were 
served  in  the  school  lunch  program.  The  results  indicated  that  some  ethnic  differences 
for  preferences  of  certain  menu  items  existed  among  the  children.  A  greater  percentage  of 
girls  than  boys  in  each  ethnic  group  indicated  that  they  either  disliked  or  could  not 
decide  their  preferences  of  many  items.  While  preferences  of  entrees  and  desserts  as  food 
groups  were  found  to  be  significantly  affected  by  sex,  those  of  desserts  were  also  influ¬ 
enced  by  an  interaction  of  ethnicity  and  sex.  In  general,  Mexican-American  children  had 
greater  acceptances  of  many  items,  both  in  terms  of  a  variety  and  quantities,  than  White 
or  Black  children. 

INTRODUCTION 

Since  the  time  of  establishment  of  the  National  School  Lunch  Act  in 
1946,  the  effectiveness  of  the  school  lunch  program  “to  safeguard  the 
health  and  well-being  of  the  Nation’s  children”  (U.S.  Senate,  1976)  has 
been  challenged.  The  goal  of  the  program  to  provide  nutritional 
benefit  to  school  children  can  only  be  accomplished  if  the  children 
regularly  participate  in  and  fully  consume  the  foods  that  are  served  to 
them  by  the  program.  Although  school  lunch  has  been  made  available 
to  more  than  90.0%  of  children  who  are  attending  elementary  and 
secondary  schools  in  the  United  States  (Martin,  1978),  the  levels  of  par¬ 
ticipation  in  some  areas  are  extremely  low  and  highly  irregular  (U.S. 
Comptroller,  1977).  In  addition,  the  problem  of  large  amounts  of  plate 
wastes  produced  by  many  school  lunch  programs  points  out  not  only 
that  the  children  have  not  been  obtaining  the  amounts  of  nutrients 
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that  are  planned  for  them,  but  also  indicates  that  the  funds  that  have 
been  appropriated  for  the  purpose  are  not  effectively  utilized. 

Talmage  and  Iverson  (1979)  made  an  attempt  to  categorize  possible 
causes  for  an  unsuccessful  school  lunch  operation  into  6  aspects  of 
school  food  service.  Under  the  aspect  labelled  food  preparation,  they 
included  factors  such  as  preferences  and  consumptions  of  lunch  foods 
by  the  children.  Unfortunately,  earlier  studies  presented  conflicting  and 
confusing  reports  about  food  preferences  and  consumptions  of  child¬ 
ren,  particularly  in  relation  to  sex  and/or  ethnic  difference.  For  exam¬ 
ple,  while  Eppright  (1950)  reported  that  girls  in  her  study  rated  vegeta¬ 
bles  “very  good”  more  often  than  boys  and  Leverton  and  Coggs  (1951) 
indicated  that  girls  in  their  study  consumed  a  greater  variety  of  foods 
more  willingly  than  boys,  Harper  (1962)  found  that  girls  in  her  study 
tended  to  reject  more  foods  than  boys.  No  sex  differences  in  food  pref¬ 
erences  of  teenagers  were  reported  by  Breckenridge  (1959)  and  by  Jeffer¬ 
son  and  Erdman  (1970).  While  a  higher  rejection  rate  of  milk  by  Black 
children  than  White  children  had  been  found  by  Myers,  et  al.  (1968) 
and  by  Piage  and  Graham  (1974),  the  scientists  of  the  Ten  State  Nutri¬ 
tion  Survey  (U.S.D.H.E.W.,  1972)  observed  that  Black  children,  when 
compared  to  White  and  Mexican-American  children,  had  the  highest 
overall  nutrient  intakes  from  school  lunches.  The  latter  report  seemed 
to  imply  that  Black  children  accepted  school  lunches  well,  including 
milk.  The  present  study  was  undertaken,  therefore,  to  reexamine  pref¬ 
erence  and  acceptance  patterns  of  school  lunch  foods  (menu  items)  by 
selected  school  children  of  3  ethnic  origins  in  Northwest  Texas. 

METHODS 
Selection  of  Subjects 

All  135  third  graders  at  an  elementary  school  in  a  rural  town  in  the 
Panhandle  area  of  Texas  participated  in  the  preference  study.  The  dis¬ 
tributions  of  the  children  for  6  ethnicity  by  sex  groups  were  as  follows: 
23  White  boys,  28  White  girls,  14  Black  boys,  12  Black  girls,  29 
Mexican-American  boys,  and  29  Mexican-American  girls. 

The  acceptance  study,  which  followed  the  preference  study,  was  car¬ 
ried  out  with  all  third  graders  who  participated  in  the  school  lunch 
program  during  the  8-day  study  period.  Although  the  number  of  the 
children  who  consumed  school  lunch  varied  from  day  to  day,  the  aver¬ 
age  daily  participation  rate  during  the  period  was  85.2%  or  115  child¬ 
ren.  Average  percentages  of  children  in  the  3  ethnic  groups  that  partic¬ 
ipated  daily  in  the  program  were  82.8%  for  White  children,  83.2%  for 
Black  children,  and  87.5%  for  Mexican-American  children. 

Menu  Item  Preference  Study 

A  check  list  containing  50  menu  items  that  were  frequently  served  at 
the  school  was  developed.  Each  menu  item  in  the  list  was  provided 
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with  columns  for  3  categories  of  preference,  namely  “like”,  “do  not 
like”,  and  “cannot  decide.”  The  children  were  to  place  a  check  mark 
in  one  of  the  3  columns  to  indicate  their  preferences.  Prior  to  the 
study,  a  pretest  was  conducted  in  order  to  eliminate  any  unclarity  in 
the  check  list  and  instruction.  The  third  graders  at  an  elementary 
school  in  a  nearby  community  of  the  town  where  the  study  was  to  be 
conducted  participated  in  the  pretest.  The  major  revision  made  to  the 
check  list  as  a  result  of  the  pretest  was  to  add  at  the  top  of  the  columns 
a  smiling  face  scale  that  corresponded  with  the  preference  categories. 
The  addition  facilitated  marking  by  the  children. 

The  data  collection  was  done  in  the  classroom  where  all  children 
were  present.  Copies  of  the  revised  check  list  with  ethnicity  and  sex  of 
the  children  being  marked  were  distributed.  The  third  grade  teachers 
were  asked  to  assist  the  researchers  in  keeping  the  children’s  attention 
and  in  obtaining  the  complete  information.  In  order  to  insure  the  cor¬ 
rect  identifications  of  menu  items  by  the  children,  actual  foods  and 
food  models  were  shown. 

The  collected  data  were  analyzed  by  a  computer  statistical  program 
ANOVAR  (Service,  1972)  and  menu  items  preferences  of  6  ethnicity  by 
sex  groups  were  compared.  Three  hypotheses  were  set  up  in  order  to 
examine  the  effects  of  ethnicity  and  sex  on  menu  item  preferences  and 
were  tested  at  the  0.05  level  of  significance.  The  hypotheses  were:  (a) 
there  is  no  significant  sex  difference  in  menu  item  preferences  of  the 
third  graders,  (b)  there  is  no  significant  ethnic  difference  in  menu  item 
preferences  of  the  children,  and  (c)  there  is  no  significant  combined 
effect  of  ethnicity  and  sex  on  menu  item  preferences  of  the  children.  If 
hypothesis  (b)  were  rejected,  Duncan’s  New  Multiple  Range  Test  (Li, 
1964)  would  be  preformed  to  identify  the  ethnic  group(s)  that  might 
show  a  significant  influence  on  menu  item  preference. 

For  statistical  analyses,  50  menu  items  were  grouped  into  8  food 
groups,  namely,  milk,  entree,  legume  and  cooked  vegetable,  raw  veget¬ 
able,  fruit,  bread,  dessert,  and  miscellaneous.  The  grouping  was  based 
on  the  classification  that  was  used  by  the  school  lunch  program  in  the 
district  to  serve  different  menu  items  to  the  children.  Because  of  this, 
legumes  that  are  normally  included  in  the  meat  (entree)  group  due  to 
their  nutritional  values  are  placed  with  cooked  vegetables.  It  was 
apparent  to  the  researchers  that  at  the. school  legumes  had  been  served 
as  a  starchy  vegetable  rather  than  a  meat  alternate.  The  decision  to 
separate  raw  vegetables  from  cooked  vegetables  was  based  on  antici¬ 
pated  preference  differences  of  the  2  types  of  vegetables  by  the  children. 

Menu  Item  Acceptance  (Consumption)  Pattern 

For  8  consecutive  school  days,  weights  of  the  serving  portion  and 
plate  waste  of  36  school  lunch  menu  items  that  were  served  to  the 
children  were  determined.  Each  day  before  the  trayline  began,  the 
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researchers  randomly  selected  and  weighed  5  preplated  servings  of  each 
menu  item  that  was  served  that  noon.  The  mean  weight  of  the  serving 
portion  of  each  item  was  then  calculated. 

As  children  finished  their  lunches,  the  portions  of  menu  items  that 
were  left  on  the  plate  were  placed  in  separate  plastic  bags  that  were 
marked  with  names  of  items  and  ethnic  groups.  Each  bag  was  then 
weighed  and  the  average  weight  of  the  plate  waste/child  was  calculated 
for  individual  menu  items  and  ethnic  groups  by  dividing  the  total 
weight  of  the  content  of  a  bag  by  the  number  of  children  in  the  corres¬ 
ponding  ethnic  group  who  participated  in  the  school  lunch  program 
that  day.  An  additional  calculation  was  carried  out  in  order  to  deter¬ 
mine  the  average  percentage  of  plate  waste/child  by  using  the  follow¬ 
ing  formula;  Where  A  =  average  weight  of  plate  waste  of  a  menu 
item/child  of  a  given  ethnic  group,  B  =  average  weight  of  the  menu 
item  served  to  the  child,  and  C  =  average  percentage  of  place  waste  of 
a  menu  item/child  of  a  given  ethnic  group, 

A  x  100  =  c. 

B 

For  items  such  as  milk,  biscuit,  and  bread  that  were  served  more 
than  once  during  the  8-day  period,  consolidated  average  weights  of  the 
serving  portion  and  plate  waste/child  were  used  to  calculate  the  aver¬ 
age  percentage. 

RESULTS 

Overall  Menu  Item  Preference 

The  children’s  preferences  of  50  school  lunch  menu  items  are  sum¬ 
marized  in  Table  1.  The  percentages  of  135  children  favoring  menu 
items  ranged  from  99.3%  for  french  fries  to  29.3%  for  broccoli.  While  22 
items  were  favored  by  more  than  85.0%  of  the  children,  18  other  items 
were  preferred  by  between  85.0-67.0%  of  the  children.  Less  than  67.0% 
of  the  children  indicated  that  they  liked  the  rest  of  10  items. 

When  the  distributions  of  menu  items  at  the  3  preference  levels  as 
shown  in  Table  1  were  reexamined  according  to  6  ethnicity  by  sex 
groups,  the  number  of  items  in  the  more  than  85.0%  preference  level 
ranged  from  30  for  Black  boys  to  17  for  Black  girls.  All  boys  groups 
had  more  items  in  this  preference  level  than  girls  of  the  same  ethnic 
groups.  There  were  11  items  that  were  found  common  to  all  6  groups 
in  this  preference  level.  They  were  hamburger/bun,  chili  dog/bun, 
turkey/plain,  french  fries,  bread,  crackers,  apple  wedges,  orange  juice, 
chocolate  chip  cookie,  gelatin/plain,  and  corn  chips.  In  addition,  all  3 
boys  groups  included  pizza,  corn,  pineapple/canned,  fruit  pie,  mixed 
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TABLE  1 

Preferences  of  50  School  Lunch  Menu  Items  by  135  Third  Graders  in  Northwest  Texas 


%  of  Children 

Food  Group 

Over  85.0 

85.0  to  67.0 

Less  than  67.0 

Milk 

Milk 

Entree 

Corn  dog 
Hamburger/bun 

Chili  dog/bun 

Turkey  plain 

Weiners 

Beef  stew 

Chicken  pot  pie 
Macaroni  and  cheese 

Peanut  butter  sandwich 
Pizza 

Spaghetti/meat  sauce 
Tuna  sandwich 

Pimiento  cheese 
sandwich 

Legume  and 
Cooked 
Vegetable 

Corn 

French  fries 

Mashed  potatoes 

Blackeyed  peas 

Chili  beans 

Green  beans 

Pinto  beans 

Pork  and  beans 

Broccoli 

Green  peas 

Spinach 

Sweet  potatoes 

Raw  Vegetable 

Carrot  sticks 

Celery  sticks 

Cabbage  slaw 

Tossed  green  salad 

Bread 

Bread 

Crackers 

Biscuit 

Fruit 

Apple  wedges 

Orange  juice 

Peaches/canned 

Pineapple/canned 

Dessert 

Chocolate  chip  cookie 
Gelatin/plain 

Fruit  pie 

Peanut  butter  cookie 
Yellow  cake/no  icing 

Fruit  float 

Mixed  fruit 

Shredded  carrots  in 
gelatin 

Strawberry  pudding 

Miscellaneous 

Corn  chips 

Pickles 

Giblet  gravy/turkey 
dressing 

Cranberry  sauce 

fruit,  peanut  butter  cookie  in  this  preference  level  while  all  girls 
groups  had  milk,  wiener  and  yellow  cake/no  icing. 

The  largest  number  of  menu  items  found  in  the  85.0-67.0%  prefer¬ 
ence  level  among  the  6  groups  was  16  and  belonged  to  Mexican- 
American  boys.  The  smallest  number,  on  the  other  hand,  was  10  and 
was  for  Mexican-American  girls.  While  3  items,  namely  chicken  pot 
pie,  peanut  butter  cookie  and  giblet  gravy/turkey  dressing  were  com¬ 
mon  to  all  3  girls  groups  at  this  preference  level,  there  was  no  common 
item  found  for  boys  groups  or  for  all  6  groups. 

The  range  for  the  number  of  menu  items  found  in  the  less  than 
67.0%  preference  level  for  the  6  groups  was  from  19  for  Black  girls  to  8 
for  Black  and  Mexican-American  boys.  There  were  4  items  in  this  pref¬ 
erence  level,  namely  pimiento  cheese  sandwich,  broccoli,  shredded  car- 
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rots  in  gelatin,  and  sweet  potatoes,  that  were  common  to  all  6  groups. 
In  addition,  tossed  green  salad  was  included  in  this  level  by  all  3  girls 
groups  and  White  and  Mexican-American  boys  groups.  The  menu 
items  included  by  White  boys  and  girls  groups  in  this  level  but  not  by 
other  ethnic  groups  of  both  sexes  were  cabbage  slaw  and  cranberry 
sauce.  Macaroni  and  cheese  was  found  in  this  level  for  both  Black  boys 
and  girls.  Items  found  to  be  common  only  to  Mexican-American  boys 
and  girls  at  this  level  were  blackeyed  peas  and  celery  sticks.  Spinach 
was  included  by  White  boys  and  girls  as  well  as  Mexican-American 
boys  and  girls  in  this  level. 

In  Table  2,  some  of  menu  items  with  the  percentage  of  children  in 
each  of  3  preference  categories  for  6  ethnicity  by  sex  groups  are  pres¬ 
ented.  The  items  were  chosen  because  of  their  wide  ranges  (35.0%  or 
more)  existed  among  the  groups  between  the  highest  and  lowest  per¬ 
centages  in  the  “like”  category.  The  item  with  the  widest  range  of 
79.5%  was  seen  for  strawberry  pudding.  The  preference  for  the  item 
ranged  from  96.2%  for  the  Mexican-American  boys  to  16.7%  for  the 
Black  girls.  The  second  widest  range  was  seen  for  pimiento  cheese 
sandwich  where  the  preferences  ranged  from  61.6%  for  Mexican- 
American  boys  to  0.00%  for  the  Black  girls.  The  item  that  had  the  nar¬ 
rowest  range  (not  included  in  Table  2)  was  french  fries  and  it  was  3.8%. 

There  were  at  least  several  menu  items  in  each  group  with  all  of  the 
children  marking  “like.”  While  White  boys,  Mexican-American  boys, 
and  White  girls,  respectively,  had  only  5  items  that  were  favored  by  all 
children,  Mexican-American  girls  had  6,  Black  girls,  14  and  Black 
boys,  15.  Interestingly,  however,  there  was  no  item  that  was  liked  by  all 
135  children  who  participated  in  the  study.  As  mentioned  at  the  begin¬ 
ning  of  RESULTS,  the  item  that  came  very  close  to  100.0%  of  “like” 
votes  by  all  children  was  french  fries.  While  all  children  in  3  girls 
groups  indicated  that  they  liked  french  fries,  the  item  that  was  favored 
by  all  children  in  all  boys  groups  was  corn.  French  fries  were  the  only 
item  that  was  liked  by  all  children  in  both  White  groups.  Black  boys 
and  girls  shared  11  items  with  all  children  marking  “like.”  They  were 
hamburger/bun,  chili  dog/bun,  weiners,  french  fries,  bread,  crackers, 
orange  juice,  chocolate  chip  cookie,  gelatin/plain,  yellow  cake/no 
icing,  and  corn  chips.  There  was  no  common  item  that  was  liked  by 
all  children  in  Mexican-American  boys  and  girls  groups. 

The  lowest  percentage  of  children  marking  “like”  in  each  of  6 
groups  ranged  from  42.9%  for  White  girls  for  broccoli  to  0.0%  for  Black 
girls  for  pimiento  cheese  sandwich.  Broccoli  had  the  lowest  percentage, 
also,  for  3  other  groups,  namely  Black  boys,  Mexican-American  girls 
and  Mexican-American  boys  (25.0%,  20.8%,  and  19.2%,  respectively). 
Sweet  potatoes  were  the  least  popular  menu  item  among  White  boys 
(21.7%). 
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Selected  School  Lunch  Menu  Item  Preferences  (%)  of  Third  Graders  by  Ethnicity  and  Sex' 
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a  1 35  third  graders  from  an  elementary  schoolin  Northwest  Texas  participated  in  the  study. 

bOnly  items  with  the  discrepancy  of  35.0%  or  more  between  the  highest  and  lowest  percentages  of  ‘like’  votes  among  six  ethnic-sex  groups  are 
reported  here. 
cB=boys;  G=girls. 
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When  the  sex  difference  in  the  preference  of  individual  menu  item 
was  studied  for  each  ethnic  group,  White  children  generally  had  the 
smallest  disrepancy  in  the  percentages  of  boys  and  girls  indicated 
“like.”  While  the  widest  discrepancy  between  the  percentages  of  White 
boys  and  girls  marking  “like”  was  24.7%  and  was  for  sweet  potatoes, 
that  of  Black  boys  and  girls  was  50.0%  and  was  for  pimiento  cheese 
sandwich  and  blackeyed  peas.  Mexican-American  boys  and  girls  had 
their  widest  descrepancy  of  43.0%  for  beef  stew. 

The  percentages  of  children  in  the  “cannot  decide”  columns  for  6 
groups  ranged  from  50.0%  for  Black  girls  for  strawberry  pudding  to 
0.0%  by  different  groups  for  various  items.  Items  with  more  than  25.0% 
of  children  marking  “cannot  decide”  included  blackeyed  peas,  corn, 
green  peas,  and  strawberry  pudding  for  Black  girls  and  beef  stew  for 
Mexican-American  girls.  Compared  to  the  White  girls  group  that  had 
only  7  items  with  no  children  indicating  “cannot  decide,”  Mexican- 
American  girls  had  18  and  White  and  Mexican-American  boys,  respec¬ 
tively,  2;  Black  girls,  36;  and  Black  boys,  42.  French  fries  were  the  only 
common  item  to  all  6  groups  with  no  children  marking  “cannot 
decide.”  All  3  boys  groups  had  additional  eight  common  items, 
namely,  hamburger/bun,  spaghetti  with  meat  sauce,  corn,  bread, 
crackers,  chocolate  chip  cookie,  fruit  pie,  and  peanut  butter  cookie 
with  0.0%  of  the  “cannot  decide”  votes.  Chili  dog/bun,  gelatin/plain, 
and  pickles  were  3  additional  common  items  for  all  girls  groups  with 
no  children  marking  “cannot  decide.” 

Effects  of  Ethnicity  and  Sex  on  Menu  Item  Preference 

The  results  of  statistical  tests  for  hypotheses  (a),  (b),  and  (c)  are 
summarized  in  Table  3.  A  significant  sex  difference  in  preferences  was 
found  for  entree  and  dessert  groups.  Therefore,  hypothesis  (a)  was 
rejected  for  the  2  food  groups.  Hypothesis  (b)  was  rejected  for  the  des¬ 
sert  group  only  because  a  significant  ethnic  influence  was  observed  on 
the  food  group.  A  further  analysis  by  Duncan’s  New  Multiple  Range 
Test  (Li,  1964)  indicated  that  the  dessert  preferences  of  Black  children 
were  significantly  different  from  those  of  White  and  Mexican-American 
children.  Since  there  was  no  significant  combined  influence  of  ethnic¬ 
ity  and  sex  on  menu  preferences,  hypothesis  (c)  was  not  rejected. 

Menu  Item  Acceptance  ( Consumption )  Pattern 

Acceptances  (consumptions)  of  36  school  lunch  menu  items  were 
studied  by  measuring  the  amount  of  food  that  was  left  on  the  plate  by 
the  children  during  the  8-day  study  period.  The  average  plate  waste  per 
child  ranged  from  2.0%  for  orange  juice  to  79.6%  for  shredded  carrots  in 
gelatin.  A  small  percentage  of  the  plate  waste  indicated  a  high  accep¬ 
tance  of  the  menu  item  while  a  large  percentage  was  an  indication  that 
the  menu  item  was  not  consumed  well. 
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TABLE  3 

Interrelationships  Among  Sex,  Ethnicity,  and  Food  Group  Preferences  of  Third  Graders 


Food  Group 

Source  of  Variation 

Sex 

Ethnicity 

Sex  by 
Ethnicity 

Milk 

0.4275 

0.6242 

1.6413 

Entree 

12.1 106a 

0.1159 

2.0289 

Legume  and  cooked  vegetable 

3.0929 

2.0254 

2.4766 

Raw  vegetable 

3.3488 

0.6606 

0.2367 

Bread 

0.0000 

1.0130 

1.0573 

Fruit 

0.1986 

0.1209 

0.0195 

Dessert 

44.74703 

19.81933 

3.6612 

Miscellaneous 

0.4941 

9.8364 

2.3022 

Significant  F  values  at  the  0.05  level  of  significance. 


When  the  acceptance  patterns  of  3  ethnic  groups  were  compared,  the 
Mexican-American  children  had  the  narrowest  range  of  plate  wastes 
which  covered  from  1.4%  for  chili  dog/bun  to  63.2%  for  shredded  car¬ 
rots  in  gelatin.  While  the  White  children  had  a  range  that  spread  from 
2.0%  for  orange  juice  to  97.8%  for  shredded  carrots  in  gelatin,  that  of 
Black  children  was  the  widest  and  was  from  0.0%  for  orange  juice  and 
for  wiener  to  97.4%  for  strawberry  pudding. 

Of  all  items  studied,  those  with  less  than  15.0%  of  plate  wastes  by  all 
3  ethnic  groups  were  hamburger/bun,  chili  dog/bun,  wiener,  corn, 
crackers,  orange  juice,  chocolate  chip  cookie,  yellow  cake/no  icing, 
and  corn  chips.  The  items  with  plate  wastes  of  less  than  15.0%  by  1  or 
2  groups  but  between  15.0  and  33.3%  by  the  rest  of  the  group(s) 
included  milk,  beef  stew,  chicken  pot  pie,  turkey/plain,  blackeyed  peas, 
chili  beans,  french  fries,  celery  sticks,  bread,  pineapple,  gelatin/plain, 
mixed  fruit,  peanut  butter  cookie,  giblet  gravy/turkey  dressing,  and 
pickles.  Those  with  more  than  33.3%  of  waste  by  1  or  2  groups  with 
the  rest  of  the  group(s)  wasting  33.3%  or  less  included  macaroni  and 
cheese,  pizza,  green  beans,  green  peas,  pork  and  beans,  spinach,  and 
biscuit.  Tossed  green  salad,  sweet  potatoes,  shredded  carrots  in  gelatin, 
strawberry  pudding  and  cranberry  sauce  had  more  than  40.0%  of  plate 
wastes  by  all  3  groups. 

The  menu  items  with  ranges  of  more  than  20.0%  between  the  highest 
and  lowest  percentages  of  plate  wastes  produced  by  any  of  the  3  ethnic 
groups  are  presented  in  Table  4.  Strawberry  pudding  had  the  widest 
range  of  52.5%,  between  97.4%  by  Black  children  and  44.9%  by  Mexican- 
American  children.  Biscuit  had  the  second  widest  range  of  48.6%  which 
was  followed  by  43.5%  of  green  beans.  The  narrowest  range  (not 
included  in  the  table)  was  seen  for  cracker  and  was  0.9%.  This  was  fol¬ 
lowed  by  1.5%  of  corn  chips. 
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TABLE  4 

School  Lunch  Plate  Waste  (%)  of  Third  Graders 


Menu  Item 

White 

Black 

Mexican-American 

Macaroni  and  cheese 

30.5 

37.7 

2.0 

Green  beans 

65.6 

68.7 

25.2 

Green  peas 

13.7 

51.0 

28.1 

Pork  and  beans 

41.5 

13.5 

39.6 

Sweet  potatoes 

66.4 

75.1 

53.9 

Biscuit 

73.8 

66.8 

25.2 

Shredded  carrots  in  gelatin 

97.8 

80.4 

63.2 

Peanut  butter  cookie 

30.2 

14.1 

5.5 

Strawberry  pudding 

79.3 

97.4 

44.9 

Cranberry  sauce 

51.6 

69.5 

47.7 

Giblet  gravy  turkey  dressing 

25.4 

2.2 

21.3 

Out  of  1 1  menu  items  listed  in  Table  4,  the  lowest  percentage  of 
plate  waste  for  8  items  belonged  to  the  Mexican-American  children.  In 
fact,  of  36  items  that  were  studied,  the  Mexican-American  children  had 
the  total  of  17  items  with  the  lowest  percentage  of  plate  waste  while 
Black  children  and  White  children  had,  respectively,  11  and  8.  On  the 
other  hand,  the  highest  percentages  of  plate  wastes  of  19  items  were 
found  with  the  White  children.  While  Black  children  had  15  items 
with  the  highest  percentage  of  plate  waste,  Mexican-American  children 
had  only  2. 

Comparison  of  Preference  and  Acceptance  Patterns 

Information  obtained  through  a  food  preference  study  such  as  the 
one  reported  in  the  first  part  of  RESULTS  has  often  been  used  to  plan 
school  lunch  menus  in  order  to  minimize  food  waste.  However,  the 
information  may  be  of  a  limited  use  because  the  preferences  of  various 
foods  indicated  by  the  children  may  not  necessarily  reflect  their  actual 
consumptions  of  the  foods. 

A  simple  comparison  of  the  percentages  of  the  children  indicating 
“like”  for  36  menu  items  in  the  preference  study  and  those  of  accep¬ 
tances  of  the  same  menu  items  suggested  that,  for  2  out  of  3  items,  the 
outcomes  in  one  study  could  be  predicted  by  observing  the  results  of 
the  other  study.  For  24  items,  the  percentages  for  acceptance  closely 
parallelled  those  for  preference.  As  shown  in  Table  5,  however,  some  of 
other  12  items  had  wide  discrepancies  between  the  percentages  for  pref¬ 
erence  and  acceptance.  Strawberry  pudding  had  the  widest  discrepancy 
of  32.3%  which  was  followed  by  shredded  carrots  in  gelatin  and  green 
beans.  Generally  the  percentages  for  acceptance  were  lower  than  those 
for  preference.  Exceptions  were  seen,  however,  with  macaroni  and 
cheese,  spinach,  and  celery  sticks  where  the  percentages  for  acceptance 
were  higher  than  those  for  preference. 
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TABLE  5 

Comparison  of  School  Lunch  Menu  Item  Preference  and  Consumption  (%)  by  Third 

Graders 


Menu  Item 

Preference 

Consumption3 

Macaroni  and  cheese 

68.6 

79.9 

Pizza 

83.9 

68.8 

Blackeyed  peas 

64.9 

78.8 

French  fries 

99.3 

87.4 

Green  beans 

81.3 

52.2 

Pork  and  beans 

84.0 

64.4 

Spinach 

55.4 

72.6 

Celery  sticks 

67.4 

81.9 

Biscuit 

85.0 

49.2 

Shredded  carrots  in  gelatin 

51.8 

21.4 

Strawberry  pudding 

66.3 

34.0 

Cranberry  sauce 

62.7 

46.6 

Average  weight  (100%) 

Average  plate  waste 

Consumption  level  =  of  a  menu  item 

served  — 

(%)  of  the  menu 

to  the  child 

item  per  child 

DISCUSSION 

It  has  been  documented  that  children  prefer  and  consume  the  foods 
that  are  familiar  to  them  (Lowenberg,  1948;  Eppright,  1950;  and  Lever- 
ton  and  Coggs,  1951).  Lowenberg  (1974)  pointed  out  that  tradition, 
custom  and  environment  affected  the  development  of  an  individual’s 
food  preference  pattern.  It  is  not  surprising,  therefore,  to  see  many 
school  lunch  menus  that  have  incorporated  ethnic  foods,  especially  if 
the  school  has  children  of  various  ethnic  origins.  Through  such  an 
effort,  one  hopes  to  increase  the  children’s  participation  in  and  accep¬ 
tance  of  school  lunches  (Balintfy,  et  al,  1980).  In  the  southwest  part  of 
the  United  States  where  a  large  number  of  Mexican-Americans  are 
located,  the  inclusion  of  “Mexican”  foods  in  various  feeding  programs 
would  seem  to  increase  the  probability  for  a  successful  operation  of  the 
programs  (Zeches,  et  al,  1980). 

The  results  of  the  present  study,  however,  did  not  clearly  support  the 
theory.  For  example,  chili  beans  and  pinto  beans  that  are  normally 
considered  “Mexican”  foods  were  no  more  popular  among  the 
Mexican-American  children  than  among  White  and  Black  children 
(Table  2).  Interestingly,  moreover,  menu  items  such  as  macaroni  and 
cheese,  and  biscuit,  that  were  not  considered  “Mexican”  foods,  were 
more  popular  among  the  Mexican-American  children  than  among 
White  or  Black  children. 

Reasons  for  such  phenomena  can  only  be  speculated  about  at  this 
time.  One  reason  might  be  that  chili  beans  and  pinto  beans  were  not 
prepared  and  served  at  school  in  the  manner  in  which  they  were  done 
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at  home.  Lowenberg  (1948)  found  that  an  effort  to  prepare  a  food  in  a 
manner  similar  to  that  which  was  used  at  home  was  important  for 
acceptance  of  the  food  by  the  child.  McGreer  (1959),  however,  reported 
that  modifying  the  food  preparation  method  to  simulate  that  which 
was  used  at  home  did  not  necessarily  assure  an  increased  consumption 
of  a  food  by  children.  The  second  reason  might  be  that  the  children 
were  tired  of  eating  the  same  foods,  e.g.,  beans,  at  school  and  home. 
Family  food  consumption  studies  reported  that  beans  were  frequently 
consumed  by  the  Spanich-speaking  populatin  (Leverton  and  Coggs, 
1951;  U.S.D.H.E.W.,  1972;  Larson,  et  al.,  1974;  and  Price,  1977).  The 
third  reason  might  be  that  the  children  regarded  Mexican  foods  as  low 
social  status  foods. 

Price  (1977)  reported  that  sweet  potatoes  were  more  frequently  served 
at  home  among  Black  families  than  among  White  or  Mexican- 
American  families.  In  the  present  study,  only  16.7%  of  the  Black  girls 
and  62.5%  of  the  Black  boys  favored  the  menu  item.  The  percentage  of 
the  girls  was  the  lowest  of  all  6  groups.  The  highest  percentage  was 
85.4%  of  Mexican-American  boys.  The  reasons  for  such  unpopularity  of 
the  menu  item  by  Black  children,  especially  by  Black  girls,  is  not 
known.  Similar  assumptions  that  were  made  for  Mexican-American 
children  about  their  preferences  of  chili  beans  and  pinto  beans  in  the 
previous  paragraph  may  apply  here. 

Percentages  of  children  who  favored  various  raw  vegetables  were  low 
and  similar  to  those  observed  for  many  cooked  vegetables.  The  finding 
was  contrary  to  the  result  reported  by  Beyer  and  Morris  (1974).  The 
researchers  had  found  that  only  6.2%  of  their  children,  compared  to 
approximately  50.0%  for  cooked  vegetables,  disfavored  raw  vegetables. 
The  limited  number  of  menu  items  included  in  the  present  study, 
especially  in  the  raw  vegetable  group,  might  have  affected  the  results. 
Moreover,  preferences  and  acceptances  of  the  items  in  the  raw  vegetable 
group  would  have  been  even  lower  if  shredded  carrots  in  gelatin  were 
included  in  the  group.  Since  the  item  was  served  as  an  alternate  to  des¬ 
sert  at  the  school,  it  was  placed  in  the  dessert  group  rather  than  in  the 
raw  vegetable  group. 

CONCLUSIONS  AND  FUTURE  RECOMMENDATIONS 

The  results  of  the  present  study  indicated  that  there  were  some  eth¬ 
nic  and  sex  differences  in  the  school  lunch  menu  item  preference  and 
acceptance  among  the  third  graders.  However,  the  extents  of  influences 
of  ethnicity  and  sex  on  the  preference  and  acceptance  did  not  seem  to 
be  very  great.  The  findings  seemed  to  imply  that  an  effort  to  incorpo¬ 
rate  into  school  lunch  menu  the  foods  that  were  familiar  to  the  child¬ 
ren,  such  as  ethnic  foods,  might  not  resolve  the  problem  of  plate  waste. 
As  pointed  out  by  Talmage  and  Iverson  (1979),  there  are  too  many  fac- 
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tors  that  are  needed  to  be  considered  when  one  tries  to  evaluate  the 
success  of  a  school  lunch  program.  While  some  of  the  factors  such  as 
methods  for  preparing  and  serving  foods  concern  directly  with  the 
feeding  program,  others  influence  the  program  indirectly  but  in  defi¬ 
nite  ways.  Some  of  the  outside  forces  that  have  been  identified  by  the 
researchers  above  included  food  habits  and  attitudes  of  parents  and 
teachers,  the  length  of  the  lunch  period,  atmosphere  and  decor  of  the 
dining  area,  and  scheduling  of  classroom  and  outdoor  activities  around 
the  lunch  period.  Therefore,  future  studies  that  attempt  to  assess  school 
lunch  food  preferences  and  acceptances  of  children  should  include 
investigations  of  these  factors.  The  approach  to  such  studies  should  be 
of  an  interdisciplinary  natue  with  cooperations  from  school  adminis¬ 
tration,  teachers,  and  parents. 
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ABSTRACT 

Fraction  I  is  the  protein  of  the  enzyme  ribulose-bis-phosphate  carboxylase  [RuBPCase 
(E.C.4.1.1.39)].  RuBPCase,  the  most  abundant  single  protein  in  plants,  catalyses  fixation 
of  CO2.  Most  CO2  converted  to  food  is  processed  through  the  RuBPCase  activity  of  Frac¬ 
tion  1.  Previously  published  information  (Daley,  et  at.,  1980)  suggests  that,  under  certain 
circumstances,  copper  may  affect  RuBPCase  catalytic  activity.  Copper  is  bound  to  Frac¬ 
tion  I;  however,  whether  the  mole  fraction  of  copper/mole  of  RuBPCase  is  significant  or 
not  is  subject  to  debate.  The  results  of  atomic  absorption  analysis  (AA)  reported  in  this 
paper  show  that  the  spinach  Fraction  I  used  here  has  a  matrix  effect  which  causes  under¬ 
estimation  of  the  amount  of  copper  present.  Copper  continues  bound  to  Fraction  I  after 
gel  filtration.  When  gel  filtered  Fraction  I  was  disassociated  into  subunits  by  treatment 
with  2%  NaOH,  several  things  occurred:  (a)  Some  copper  was  released  from  the  protein; 
(b)  The  AA  response  for  copper  bound  to  Fraction  I  subunits  increased  considerably  over 
the  AA  response  for  copper  of  intact  Fraction  I;  (c)  The  total  copper  found  in  the  NaOH 
degraded  products  of  Fraction  I  was  more  than  1  mole  of  copper/mole  Fraction  I.  The 
biochemical,  functional,  or  toxic  role  of  copper  in  Fraction  I  protein  is  discussed. 
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INTRODUCTION 

Copper  is  associated  with  chloroplast  stroma  (Salsbury  and  Floyd, 

1978) ,  in  which  Fraction  I  [ribulose-bis-phosphate  carboxylase  (RuBP- 
Case),  E.C.4. 1.1.39]  is  a  very  large  proportion  of  the  protein  (Wildman, 

1979) .  Fraction  I,  the  most  abundant  single  protein  in  plants,  has 
RuBPCase  activity  which  fixes  CO2.  Most  CO2  converted  to  food  is 
processed  through  this  activity  of  Fraction  I  (Zelitch,  1979).  It  is  not, 
yet,  possible  to  determine  in  vivo  if  this  copper  is  found  in  Fraction  I 
or  in  some  other  closely  associated  molecule  or  structure. 

The  term  Fraction  I  is  used  here  since  RuBPCase  is  not  the  only 
activity  of  this  protein.  Ribulose  bisphosphate  oxygenase  is  another 
activity  of  Fraction  I  protein  (Bowes,  et  al,  1971).  Other  catalytic  activ¬ 
ities  of  Fraction  I,  possibly  paracatalytic,  may  occur  (Daley,  1975,  Hsu 
and  Kuehn,  1978;  Daley,  et  al,  1980).  Recent  evidence  of  interaction  of 
RuBPCase  with  plant  hormone  indole  acetic  acid  offers  an  explanation 
of  the  binding  or  “stickiness”  characteristics  of  this  protein  (Waldrop 
and  Polya,  1980a, b).  Thus,  there  is  renewed  interest  in  light  activation 
of  RuBPCase  by  small  proteins  (Wildner  and  Criddle,  1969). 

Added  Cu+2  is  rarely  found  to  have  effects  on  the  catalytic  activities 
of  Fraction  I,  when  assayed  in  the  presence  of  saturating  magnesium, 
but  in  certain  cases  the  presence  of  Cu+2  may  effect  activity,  perhaps 
through  solubility  changes  in  the  molecule  (Wildner  and  Henkel,  1979) 
or  interaction  with  light  activation  of  Fraction  I  (Daley,  et  al,  1978). 
Moreover,  the  authors  of  this  article  cannot  be  sure  whether  Cu+2,  the 
usually  tested  copper  cation,  is  the  best  cation  to  provide  copper  for 
the  enzyme.  Although  in  vitro  copper  is  associated  with  Fraction  I 
(Wischnick,  et  al,  1969,  1970;  Lorimer,  et  al,  1973;  Branden,  1978; 
McCurry,  et  al,  1978;  Johal  and  Bourque,  1979),  except  for  Wischnick, 
et  al,  (1969,  1970)  the  reported  ratio  of  atoms  copper  to  mole  enzyme 
(Cu/E)  is  quite  low  (Table  1).  The  narrow  range  of  these  low  values 
[mean  0.13  Cu/E  (S.D.  0.04)]  suggests  a  constant  underestimation.  If 
copper  is  already  present  at  high  Cu/E  ratios,  added  copper  may  not 
be  required  for  whatever  function  copper  may  serve  in  the  enzyme.  The 
authors  do  note  that:  (a)  The  present  of  copper  facilitates  models  of 
RuBPoxygenase  mechanisms  not  possible  in  its  absence  (Branden,  pers. 
comm.);  and  (b)  Recently,  transition  metals  other  than  copper  have 
been  shown  to  react  with  Fraction  I  (Wildner  and  Henkel,  1979; 
Robinson  and  Tabita,  1980). 

The  authors  of  this  article  will  present  evidence  showing  that  Cu/E 
of  a  spinach  Fraction  I  protein  preparation,  if  determined  under  usual 
conditions,  fits  the  low  range  reported;  but,  if  the  protein  is  pretreated 
and  assayed  appropriately,  the  higher  values  for  Cu/E  of  Wishnick,  et 
al  (1969,  1970)  are  obtained.  This  is  attributed  to  matrix  effects  in 
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TABLE  1 

Summary  of  Copper  Analysis  of  Fraction  I  Protein  and  Comparison  With  Values 

Reported  in  the  Literature 


Source  of  Fraction  I  Copper 

(RuBPCase)  Content 

Reported 


ATOMIC  ABSORPTION  DATA 

Matrix  Effect  Uncorrected  Cu/Ec 

Spinach  0.14 

Tobacco2  0.15 

Parsley  ..0.18 

Spinach2  0.05 

Spinach  . . . . . 0. 10 

Mean  0.13 

Method  of  Matrix  Effect 
Compensation  Attempted  Cu/E 

Spinach  by  dilution . 0.08 

Spinach  with  2%  NaOH  . 0.26 

Spinach  by  standard  addition  and  double  recipro¬ 
cal  plot . 0.50 

Spinach  with  2%  NaOH  and  gel  chromatographic 

separation . 1.10 

Spinach  matrix  compensated  in  original  reference 

(uncorrected  value  not  given) . 0.95 


ESR  DATA 

Spinach 

Parsley 

Parsley 

Spinach 


%  Reported  by  AA  Cu/E 


copper  calculated  as  Cu2+ . 80%  0.75 

total  copper  not  calculated  because  of  dif¬ 
ferent  signals . .  +++b 

no  signal  observed . 0%  0.00 

total  copper  not  calculated  because  of 
complex  signal  . .  +++b 


OTHER  METHODS 

%  Reported  by  AA  Cu/E 


Tobacco2  by  emission  no  matrix 

compensation . 213%  0.32 

Parsley  biquinoline  reaction,  (Pooled  oxidase  and 

carboxylase) . . . —  0.20 

Spinach  neutron  activation ...  . . 121%  1.15 

Tobacco2  neutron  activation . 133%  0.20 


“Crystalline  preparation. 
bPresent  in  significant  amounts. 
cg  atoms  Copper/mole  Fraction  I. 


Reference 


Lorimer,  et  al.  (1973) 
Chollet,  et  al.  (1975) 
McCurry,  et  al.  (1978) 
Johal  and  Bourque  (1979) 
This  paper 
(S.D.)  0.04 


This  paper 
This  paper 

This  paper 

This  paper 

Wishnick,  et  al.  (1969,  1970) 


Wishnick,  et  al.  (1969,  1970) 

Branden  (1978) 

McCurry,  et  al.  (1978) 

unpublished 


Chollet,  et  al.  (1975) 

Branden  (1978) 

Wischnick,  et  al.  (1969,  1970) 
Chollet,  et  al.  (1975) 


atomic  absorption  measurements  (AA)  which  decrease  the  amount  of 
copper  detected.  Matrix  effects  have  been  reported  for  copper  (Kirk- 
bright  and  Sargent,  1974)  and  are  easily  explicable  when,  as  in  this 
case,  the  copper  is  associated  with  about  10,000  times  its  weight  in  pro¬ 
tein. 
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MATERIALS  AND  METHODS 

Documentation  of  Source  and  Nature  of  Fraction  I  Used . 

To  obtain  the  large  amounts  of  spinach  Fraction  I  preparation  the 
protein  was  purchased  (Sigma).  This  protein  is  prepared  by  Sigma, 
using  gel  filtration  (Andrews,  et  al.,  1975).  The  Fraction  I  used  here 
has  good  RuBPCase  activity  when  activated  [(Kent  and  Young,  1980), 
(1.1  /xmol/min/mg  protein,  at  25  C)].  Low  activities  of  RuBPCase  are 
a  frequent  criticism  of  Fraction  I  preparations  (Wildman,  1979),  but 
substrate  activation  of  RuBPCase  gives  many  fold  increases  in  activity 
(Bahr  and  Jensen,  1974;  Andrews,  et  al.,  1973;  Rice  and  Pon,  1978). 
Heat  preactivation  of  this  cold  labile  enzyme  is  also  effective  (Wild¬ 
man,  1979;  Daley,  et  al.,  1978). 

The  protein  used  here  is  a  homogeneous  Fraction  I  protein,  as 
determined  by  gel  chromatography  on  Sephadex  G-200,  acrylamide  gel 
electrophoresis,  and  comparison  of  amino  acid  composition  (Figs.  3,  4; 
and  Table  2). 

Atomic  Absorption  Measurements. 

Copper  levels  were  determined  with  a  Perkin-Elmer  Model  370  flame 
atomic  absorption  spectrophotometer  equipped  with  a  hollow  cathode 
lamp.  Instrument  response  was  linear  over  the  concentration  range  0.1 
jug-2.0  jug/ml  CuCh.  Samples  were  alternated  with  distilled  water 
blanks  and  appropriate  standards  to  check  on  instrument  drift.  The 
solutions  without  Fraction  I  had  very  little  or  no  detectable  copper. 

Gel  Chromatography  of  the  RuBPCase  Preparation. 

The  Fraction  I  preparation  was  separated  from  unbound  or  weakly 
bound  copper  by  gel  filtration  on  Sephadex  G-75  (60  cm  long  X  1.5  cm 
diameter)  in  10  rriM  Tris-Tricine  pH  7.5  containing  0.5%  mercaptoe- 
thanol.  Aliquots  of  the  peak  fraction  were  treated  with  2%  NaOH  to 
dissociate  Fraction  I  into  its  subunits.  The  NaOH  treated  aliquots  of 
the  peak  fraction  were  run  again  on  a  smaller  Sephadex  G-75  gel 
column  (39  cm  long  X  0.7  cm  diameter)  pre-equilibrated  and  eluted 
with  2%  NaOH.  A  calibrated  G-200  column  (30  cm  long  X  0.9  cm 
diameter)  was  used  to  verify  the  high  molecular  weight  and  purity  of 
the  Fraction  I  preparation.  Columns  were  run  under  gravity  flow  at 
flow  rates  in  the  low  range  of  manufacturer’s  recommendations. 

Protein  and  Amino  Acid  Determinations  and 
Polyacrylamide  Gel  Electrophoresis. 

Protein  was  determined  by  the  Bradford  procedure  (Bradford,  1976). 
Amino  acid  composition  was  determined  by  the  methods  of  Yuan,  et 
al.,  (1979)  Tryptophan  determinations  were  performed  spectrophoto- 
metrically  using  the  method  of  Edelhoch  (1967).  Polyacrylamide  gel 
electrophoresis  was  performed  in  cylindrical  gels  using  the  methods  of 
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Maizel  (1971),  as  described  in  figure  legends  and  in  Yuan,  et  ai,  (1979). 
Polyacrylamide  concentration  was  7.5%  both  for  electrophoresis  runs 
with  and  without  sodium  dodecyl  sulfate  (SDS). 

RESULTS  AND  DISCUSSION 

Fraction  I,  in  distilled  water,  had  an  apparent  content  by  AA  analy¬ 
sis  of  0.10  atoms  copper/mole  enzyme  (Cu/E)  (Table  1).  Apparent 
copper  content  did  not  increase  on  dilution  of  the  protein.  However, 
0.26  Cu/E  was  observed  when  the  sample  was  prepared  in  2%  NaOH 
(Table  1).  This  indicates  a  matrix  effect  for  the  copper  associated  with 
this  large  (540,000  Dalton)  protein.  When  the  copper  of  Fraction  I  is 
placed  in  the  flame  it  is  in  a  protein  matrix  at  least  10,000  times  its 
mass.  Thus,  full  excitation  of  Fraction  I  copper  may  only  be  completed 
in  a  portion  of  the  flame  above  the  detector  and  sensitivity  of  detector 
response  diminished.  In  these  circumstances,  standard  addition  tech¬ 
niques  are  suggested  (Kirkbright  and  Sargent,  1974).  Only  Wishnick,  et 
ai  (1969,  1970)  used  experimental  techniques  to  compensate  for  matrix 
effects  in  copper  measurements  of  Fraction  I  protein;  this  is  the  highest 
reported  value  (Table  1). 

Fig.  1  shows  that  AA  measurements  without  added  copper  can 
underestimate  the  amount  of  copper  in  the  protein.  When  copper  chlo¬ 
ride  was  added  to  Fraction  1  samples,  a  greater  than  expected  recorder 
response  occurred.  This  indicates  more  copper  was  associated  with  the 
enzyme  than  previously  detected.  Fig.  1  shows  the  AA  signal  response 
to  the  addition  of  copper  in  presence  and  absence  of  Fraction  I.  The 
plot  of  AA  response  to  Fraction  I  copper  content  with  copper  additions 
is  steeper  than  the  standard  curve  without  Fraction  I.  This  shows  that 
the  true  copper  content  of  Fraction  I  requires  determination  with  some 
kind  of  matrix  compensation.  It  is  not  clear  why,  at  high  copper  con¬ 
centrations,  the  2  lines  do  not  become  parallel,  but  it  may  mean  that 
the  effect  is  not  saturating.  Estimates  of  Fraction  I  copper  content  at 
infinite  added  copper,  determined  by  double  reciprocal  plot  of  data 
from  Fig.  1,  indicate  an  increase  in  apparent  copper  content  from  0.10- 
0.50  Cu/E  with  this  particular  sample. 

The  authors  then  sought  more  direct  methods  of  copper  determina¬ 
tion  to  avoid  matrix  effects.  Treatment  with  2%  sodium  hydroxide  was 
chosen  since  dry  ashing  can  cause  losses  of  copper  (Kirkbright  and 
Sargent,  1974)  and  nitric  acid  treatment  (sometimes  called  wet  ashing) 
would  degrade  the  protein  completely,  while  sodium  hydroxide  treat¬ 
ment  (Wildman,  1979;  Daley,  1975)  gives  additional  information  on 
subunit  composition.  The  protein  was  first  passed  through  a  G-75 
sephadex  column  to  assure  that  only  copper  bound  to  compounds  with 
a  great  molecular  weight  than  50  KDaltons  were  analyzed  (Fig.  2a). 
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Figure  1.  Effect  of  standard  addition  of  copper  chloride  to  atomic  absorption  detector 
response  to  copper  content  of  Fraction  I  protein.  Technical  details  as  described 
in  Materials  and  Methods  section.  The  data  points  reflect  maximum  and  min¬ 
imum  instrument  response  for  triplicate  analysis.  The  protein  concentration  of 
Fraction  I  protein  was  10  mg/ml,  however  the  effect  was  also  observed  at  lower 
protein  concentrations.  The  nonlinear  AA  response  to  copper  plus  Fraction  I 
protein  is  attributed  to  a  masking  of  true  copper  content  of  Fraction  I  protein 
by  matrix  effects.  These  matrix  effects  are  believed  due  to  large  size  of  Fraction 
I  molecule  and  excited  interactions  of  bound  and  nonbound  copper. 


Aliquots  of  the  peak  fraction  were  then  hydrolyzed  with  2%  sodium 
hydroxide  and  run  on  a  second  smaller  G-75  column  that  was  equili¬ 
brated  with  2%  sodium  hydroxide  (Fig.  2b).  This  treatment  increased 
the  measured  Cu/E  ratio  to  1.1  (Fig.  2b;  Table  1).  Without  matrix 
compensation  atomic  absorption  measurements  fit  the  lowest  values 
reported  for  chromatographically  prepared  enzymes  (Table  1).  After 
treatment  with  NaOH  and  chromatography  the  yield  Cu/E  is  1.1 
(Table  1),  close  to  the  values  obtained  by  Wishnick,  et  al,  (1969,  1970). 
Thus,  when  copper  concentrations  in  Fraction  I  protein  are  determined 
by  AA  matrix  effects  should  be  taken  into  account.  Although  rare, 
matrix  effects  are  known  for  copper  containing  materials  such  as  milk 
(Kirkbright  and  Sargent,  1974).  Fraction  I  seems  to  be  one  of  these. 

It  was  then  necessary  to  determine  whether  the  matrix  effects  are 
attributable  to  Fraction  I  or  to  copper  containing  contaminants.  To  do 
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Figure  2.  Chromatography  of  the  Fraction  I  Preparation  on  a  G-75  Sephadex  Column. 

(a)  The  untreated  RuBPCase  preparation  was  run  in  10  mM  Tris-Tricine  pH 
7.5  containing  0.5%  mercaptoethanol  on  a  G-75  Sephadex  column.  Column 
size  was  60  cm  long  X  1.5  cm  diameter,  (b)  An  aliquot  of  the  peak  fraction  of 
(a)  was  treated  with  2%  NaOH  to  partially  hydrolyze  it.  The  treated  protein 
was  run  on  a  G-75  Sephadex  column  39  cm  long  X  0.7  cm  diameter.  This 
column  was  eluted  with  2%  NaOH.  (c)  An  aliquot  of  peak  fraction  of  (a)  was 
hydrolyzed  exhaustively  with  2%  NaOH.  The  hydrolyzed  fractions  were  run  in 
2%  NaOH  on  a  G-75  Sephadex  column,  as  in  (b).  Copper  was  determined  as  in 
Fig.  1. 
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this  it  is  necessary  to  test  the  purity  of  the  Fraction  I  used.  Catalytic 
properties  of  RuBPCase  are  quite  variable  (Wildman,  1979)  and  spe¬ 
cific  activity  is  a  strong  reflection  of  the  age  of  preparation  (Daley,  et 
ai,  1978)  and  pretreatment,  but  not  necessarily  purity.  However,  Kent 
and  Young  (1980)  report  that  this  preparation  has  adequate  activity. 
Fraction  I  was  first  isolated  before  its  RuBPCase  activity  was  known 
since  even  in  crude  plant  preparations  Fraction  I  has  unique  character¬ 
istics:  very  high  molecular  weight  and  great  abundance  (Wildman, 
1979).  Thus,  gel  exclusion  chromatography  is  extremely  useful  in 
characterizing  this  protein.  Copper  containing  proteins  on  the  other 
hand  (Mayer  and  Harel,  1979)  have  lower  molecular  weights.  Thus, 
Fraction  I  was  tested  for  its  most  characteristic  non-catalytic  property, 
its  molecular  weight  by  sephadex  gel  filtration.  Fig.  3  characterizes  the 
sample,  as  having  the  appropriate  molecular  weight.  The  resolution  of 
the  column  is  also  demonstrated  by  its  ability  to  characterize  a  com¬ 
mercial  preparation  of  aldolase,  as  impure. 

Acrylamide  gel  electrophoretic  analysis  of  Fraction  I  is  less  useful 
than  might  be  expected  for  our  purposes  for  several  reasons:  (a)  Low 
capacity  of  usual  methods  of  electrophoresis,  which  make  copper  anal¬ 
ysis  very  difficult;  (b)  If  the  Fraction  I  is  not  dissociated,  it  usually 
forms  a  precipitate  on  the  top  of  the  gel,  which  could  contain  unde¬ 
tected  copper  proteins  and  makes  quantification  difficult  (Andrews,  et 
ai,  1973);  (c)  SDS  dissociates  Fraction  I  into  2  main  components,  the 
larger  of  which  could  mask  a  copper  containing  protein  since  it  has 
the  approximate  molecular  weight  of  some  copper  containing  oxidases 
(Mayer  and  Harel,  1979).  SDS  electrophoresis  can  be  destructive  to  the 
small  subunit  (  W.  Andersen,  pers.  comm.,  verified  in  authors’  labora¬ 
tory)  generating  artifactual  small  proteins  which  run  at  the  front;  (d) 
Iso-electric  focusing  techniques  are  known  to  produce  several  forms  of 
Fraction  I  protein  (P.  Robertie,  pers.  comm.,  in  regard  to  protein  of 
Robertie,  et  ai,  1976).  Fig.  4  shows  electrophoresis  of  the  preparation 
with  1  large  molecular  weight  band  without  SDS  and  2  (plus  band  at 
front)  with  SDS.  This  pattern  is  characteristic  of  Fraction  I  (Wildman, 
1979). 

There  are  2  published  amino  acid  compositions  of  Fraction  I  from 
spinach  (Rutner  and  Lane,  1967;  Kawashima  and  Wildman,  1970).  In 
Table  2  we  compare  “Preparation  Used  Here,”  with  the  reported 
values.  Table  2  shows  that  this  preparation  is  as  similar  to  the  reported 
values  as  they  are  to  each  other.  The  tryptophan  value  of  Rutner  and 
Lane  (1967)  was  determined  with  a  somewhat  older  method  that  may 
be  less  reliable  (Edelhoch,  1967).  Our  reported  value  for  tryptophan  is 
closer  to  other  values  reported  for  other  sources  of  the  protein  (Kawa¬ 
shima  and  Wildman,  1970).  Thus,  by  amino  acid  analysis  (Table  2), 
gel  filtration  (Fig.  3)  and  electrophoresis  (Fig.  4)  the  Fraction  I  prepa- 
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Figure  3.  Determination  of  size  and  purity  of  Fraction  I  preparation  on  G-200  Sephadex. 

Fraction  I  was  run  in  10  mM  tris-borate  pH  7.2  on  a  column  of  G-200 
Sephadex  (10  to  40  um  beads)  30  cm  long  X  0.9  cm  diameter,  (a)  Fraction  I 
protein  run  on  column,  (b)  Demonstration  of  the  resolution  of  the  components 
of  a  commercial  aldolase  preparationon  the  same  column.  The  rabbit  muscle 
aldolase  has  a  molecular  weight  of  158  K  Daltons,  (c)  Blue  dextran  marker  to 
indicate  void  volume. 
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Figure  4.  Acrylamide  gel  electrophoresis  of  Fraction  I  preparation.  Fraction  I  protein 
was  run  on  7.5%  acrylamide  in  the  presence  and  absence  of  sodium  dodecyl  sul¬ 
fate  (SDS)  (0.1  %SDS  in  0.1  M  sodium  phosphate  buffer,  pH  6.8m,  20  ng  pro¬ 
tein/gel,  run  at  room  temperature  in  10  X  0.5  cm  tubes  with  5  mA/tube  for 
about  6  h)  as  described  in  Materials  and  Methods.  The  gel  on  left  was  run 
using  SDS  denatured  Fraction  I  and  shows  the  2  bands  (Bands  1  and  2),  which 
correspond  to  the  2  subunits  of  Fraction  I  protein,  plus  a  band  of  degraded 
small  molecular  weight  subunit  at  front  (Band  3).  As  is  explained  in  text  and 
in  Materials  and  Methods,  Band  3  is  a  breakdown  product  of  Band  2.  Band  3  is 
frequently  not  reported  because  it  moves  with  the  tracking  dye.  The  gel  on  the 
right  was  run  using  undenatured  Faction  I  without  SDS  and  shows  only  1 
band  (band  4)  of  high  apparent  molecular  weight. 


ration  appears  homogeneous  and  without  contaminating  copper- 
containing  proteins.  The  only  reported  copper  protein  of  large  enough 
molecular  weight  and  possible  subunit  composition  able  to  cause  con¬ 
fusion  is  the  RuBPoxygenase  of  Branden  (1978).  This  RuBPoxygenase 
may  be  a  less  complex  assembly  of  Fraction  I  subunits  which  has  lost 
some  subunits  due  to  alkaline  conditions  as  in  Fig.  2b.  Yet,  this  find¬ 
ing  of  increased  copper  detected  in  subunits  is,  at  least  in  part,  consist¬ 
ent  with  Branden’s  (1978)  conclusions. 

These  data  indicate  that  copper  is  found  more  abundantly  in  Frac¬ 
tion  I  (RuBPCase)  than  is  usually  reported  due  to  masking  matrix 
effects.  It  is  not  yet  determined  whether  copper  is:  Physiologically 
required,  an  environmental  toxin,  necessary  for  an  as  yet  undefined 
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TABLE  2 

Amino  Acid  Composition  of  Spinach  Fraction  I  Proteins  from  Different  Laboratories. 
This  table  compares  the  amino  acid  composition  of  spinach  Fraction  I  protein  as  ana¬ 
lysed  by  Rutner  and  Lane  (1967)  and  also  by  Kawashima  (Kawashima  and  Wildman, 
1970)  against  the  amino  acid  composition  of  the  Fraction  I  protein  used  in  this  paper 
(Sample  Used  Here).  The  amino  acid  composition  of  the  “Sample  Used  Here”  was 
determined  by  the  methods  of  Yuan,  et  al.  (1979)  and  is  the  mean  of  3  determinations; 
tryptophan  was  determined  by  Edelhoch’s  method  (1967).  These  numbers  are  calculated 
as  relative  molar  ratios  of  phenylalanine.  The  asterisks  indicates  number  of  standard 
deviations  from  the  mean  of  3  independently  obtained  values  for  each  amino  acid.  No 
variation  greater  than  1  standard  deviation  was  observed. 


Amino  Acid 

Sample  Used 
Here 

Rutner  and 
Lane,  (1967) 

Kawashima  and 
Wildman,  1970 

Mean 

S.D. 

Phenylalanine 

1.00 

1.00 

1.00 

— 

— 

Aspartic  acid 

2.13 

2.01 

2.37* 

2.17 

0.18 

Threonine 

1.38 

1.37 

1.54* 

1.43 

0.10 

Serine 

0.86 

0.68* 

0.87 

0.80 

0.11 

Glutamic  acid 

2.57 

2.18* 

2.55 

2.43 

0.21 

Glycine 

2.49 

1.89* 

2.22 

2.20 

0.30 

Alanine 

2.13 

1.89* 

2.06 

2.03 

0.13 

Valine 

1.54 

— 

1.39 

1.47 

0.08 

Methionine 

0.46 

0.45 

0.50 

0.47 

0.03 

Isoleucine 

0.81 

0.84 

0.65* 

0.76 

0.10 

Leucine 

1 .87* 

2.00 

2.06 

1.98 

0.10 

Tyrosine 

1.12 

1.07 

1.10 

1.10 

0.03 

Histidine 

0.67 

0.67 

0.67 

0.67 

0.00 

Lysine 

1.09 

1.15 

1.18 

1.14 

0.05 

Arginine 

1.39 

1.34 

1.42 

1.38 

0.04 

Tryptophan 

0.37 

0.64 

— 

0.50 

0.19 

storage  function  of  Fraction  I  (Wildman,  1979),  or  some  kind  of  nega¬ 
tive  regulator  perhaps  related  to  light  mediated  control  (Wildner  and 
Criddle,  1969)  as  has  been  suggested  previously  (Wischnick  et  al,  1970; 
Daley,  et  al . ,  1978,  1980).  However,  the  presence  of  copper  in  Fraction  I 
protein  is  consistent  with:  The  Wishnick,  et  al.  (1969,  1970)  observa¬ 
tion  of  copper  in  RuBPCase  in  vitro ;  the  Salsbury  and  Floyd  (1978) 
finding  of  an  association  of  copper  with  Fraction  I  in  vivo,  while  the 
matrix  effect  helps  explain  lower  levels  found  by  others  (Table  1).  The 
assembly  of  RuBPCase  from  4  double-sized  subunits  (Roy,  et  al.,  1979) 
makes  a  hypothetical  coordination  (Chiai,  1977)  for  copper-Fraction  I 
system  easier  to  envision. 

Until  quite  recently,  the  light  activation  of  RuBPCase  was  reprodu¬ 
cible  in  only  1  laboratory  (Wildner  and  Criddle,  1969;  Wildner,  et  al., 
1971;  Daley,  1975;  Daley,  et  al.,  1978,  1980).  It  has  lately  been  repeated 
in  3  more  laboratories  and  in  vivo  (Carrillo,  et  al.,  1980;  Oliver,  1980; 
Perchlorowicz  and  Jensen,  1980).  Thus,  the  authors  of  this  article  may 
restate  the  case  put  forth  by  Wishnick,  et  al.  (1970)  for  copper  as  part 
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of  an  environmental  regulator  of  RuBPCase  sensitive  to  light,  but  not 
temperature,  and  parallel  to  that  suggested  by  Hastings  and  Sweeny 
(1957).  In  1  possible  mechanism  copper  would  be  bound  to  Fraction  I, 
similar  to  the  binding  of  copper  to  peptides  (Kirksey,  et  al.,  1979).  This 
type  of  coordination  compound  is  stable  to  heat  but  not  light  or  reduc¬ 
ing  agents.  These  coordinated  copper  (III)  peptide  compounds  are 
decarboxylated  and  copper  completely  reduced  to  Cu  II  in  less  than  3 
min  under  direct  irradiation  from  a  100  watt  tungsten  lamp,  but  they 
are  very  stable  in  the  dark.  Wavelengths  as  long  as  468  nm  are  effective 
having  a  quantum  yield  of  0.2.  This  occurrence  is  accompanied  by  the 
appearance  of  an  ESR  signal  [perhaps  akin,  in  the  proposed  mecha¬ 
nism  to  that  of  spin-coupled  copper  (Pauley  and  Theriot,  1974) 
reported  for  this  enzyme  (Daley,  et  al.,  1980)]  as  copper  III  is  reduced  to 
copper  II.  A  second  light  mechanism  which  can  control  plant  and 
algal  carbon  metabolism  enzymes  (in  vivo)  mediated  by  flavin  mono¬ 
nucleotide  and  quenched  by  paramagnetic  ions  such  as  copper  II  has 
been  demonstrated  by  Schmid  (1980). 

Production,  decomposition,  and  changes  in  oxidation  state  by  light 
of  reducing  agent  sensitive  copper  peptide  complexes  in  Fraction  I  pro¬ 
tein  and  other  carbon  fixation  related  enzymes,  and  also  the  Schmid 
mechanism  (Schmid,  1980),  are  capable  of  explaining  the  following 
plant  physiological  phenomena: 

a)  Why  copper  differentially  inhibits  in  vitro  RuBPCase  activity  in 
the  dark  and  the  light  (Daley,  et  al.,  1978); 

b)  Why,  in  duck  weed  (Filbin  and  Hough,  1979),  copper  causes  a 
tenfold  increase  in  photorespiration  (RuBPoxygenase  ?)  but  does  not 
affect  dark  respiration; 

c)  Why  blue  light  reversibly  inhibits  RuBPCase  from  fresh  water 
microalgae  (Codd  and  Stewart,  1980).  [Blue  light  effects  on  carbon 
metabolism  enzymes  of  higher  plants  and  algae  are  often  quenched  by 
paramagnetic  ions  (Schmid,  1980).  Copper  II  is  paramagnetic,  Cu  I 
and  Cu  III  are  not]; 

d)  Why  long  UV  light  activation  of  RuBPCase  (Wildner  and  Crid- 
dle,  1969;  Wildner,  et  al.,  1971)  is  inhibited  by  reduced  glutathione 
(Daley,  1975;  Daley,  et  al.,  1978),  and  why  light  modulation  of  carbon 
metabolism  enzyme  activity  is  affected  by  thiol  redox  reactions  (Ander¬ 
son,  et  al.,  1978;  Jacquot,  et  al.,  1980).  [These  2  groups  postulate  2 
additional  somewhat  different  explanations,  but  the  authors  here  do 
not  know  enough  about  light  activation  of  enzymes  yet  to  be  sure 
whether  there  are  different  mechanisms  of  light  activation  or  merely 
different  aspects  of  the  same  mechanism]; 

e)  Why  in  vivo  carbon  fixation  is  modulated  by  long  wavelength  UV 
when  supplemented  by  high  intensity  photosynthetically  active  light 
(Teramura,  et  al.,  1978;  Aspeden  and  Wells,  1980); 
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f)  Why  in  wheat,  carboxylase  activity  (RuBP  dependent,  3-PGA  pro¬ 
ducing)  of  extracts,  assayed  at  constant  temperature,  varied  in  vitro 
with  solar  intensity  or  time  of  collection  with  diurnal  rhythm  (sug¬ 
gested  by  DiMarco,  et  al.  (1976)  as  a  RuBPcase  light  activation  effect). 
And  why  carbon  fixation  in  vivo  (under  standardized  conditions)  of 
light  and  dark  grown  leaves  is  variable  when  normalized  to  RuBPCase 
content  of  leaf  (Gauhl,  1976); 

g)  Why  there  is  variation  in  ESR  signals  for  RuBPCase  copper 
reported  by  different  groups  (Table  1); 

h)  Why  (as  suggested  by  Wardrop  and  Polya,  1980b)  there  well  may 
be  linkage  between  light  modulated  auxin  induced  bean  leaf  epinasty 
and  RuBPCase  light  activation. 

CONCLUSIONS 

There  is  a  strong  possibility  that  the  copper  in  RuBPCase  has  a 
functional  role  for  all  the  reasons  expressed  above.  Our  data  indicates 
that  copper  is  present  in  much  larger  amounts  than  is  usually 
reported,  due  to  difficulties  in  analysis.  If  we  accept  the  current  idea 
that  copper  in  RuBPCase  is  a  contaminant  without  functional  role 
(and  that  pure  RuBPCase  has  no  copper),  then  all  RuBPCase  prepared 
so  far  is  so  strongly  contaminated  with  copper  (Table  1)  that  present 
preparations  are  at  least  13%  impure  (using  uncorrected  figures,  and 
mole  ratio  copper  to  enzyme  molecular  weight).  The  presence  of 
copper  (a  potential  redox  reagent)  would  then  make  these  preparations 
unreliable  as  models  for  in  vivo  RuBP  oxygenase  function.  However, 
the  role(s)  of  copper  in  RuBPCase  light  activation  is  (are)  still  obscure. 
There  are  several  possible  explainations,  and  much  work  must  be  done 
to  understand  the  situation. 

NOTE  IN  ADDED  PROOF 

Recently  a  paper  has  been  published  (Johal,  et  al.,  1980)  in  which 
significant  amounts  of  copper  have  been  detected  in  some  crystalline 
RuBPCase  preparations.  It  is  noteworthy  that  the  atomic  absorption 
measurements  used  in  this  new  paper  were  done,  at  least  in  part,  with 
added  copper. 
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ABSTRACT 

Physiocochemical  and  biological  data  collected  in  December,  1979,  indicated  excellent 
water  quality  through  most  of  a  28  km  reach  of  the  West  Fork  of  the  San  Jacinto  River 
near  Conroe,  TX.  Baseline  macrobenthic  diversity  was  low  due  to  the  prevalence  of 
sandy  substrata  unfavorable  for  colonization.  However,  where  structurally  more  complex, 
gravel  substrata  occurred,  macrobenthic  diversity  most  often  fell  well  within  the  range 
considered  indicative  of  clean  water.  Periphytic  diatom  diversity  was  high  at  all  but  1 
station,  further  reflecting  the  general  predominance  of  high  water  quality. 

Slight  water  quality  degradation  occurred  downstream  from  the  Conroe  Regional  STP, 
the  only  major  wastewater  treatment  plant  discharging  directly  to  the  reach.  Suppressed 
biotic  diversity  was  due  to  the  elimination  of  sensitive  taxa,  attributed  primarily  to  the 
toxic  effects  of  residual  chlorine  and  ammonia. 

INTRODUCTION 

Little  systematic  or  ecological  information  exists  on  benthic 
macroinvertebrates  and  periphytic  diatoms  of  Texas  streams,  particu¬ 
larly  with  regard  to  water  quality  interrelationships.  This  is  especially 
true  for  the  San  Jacinto  River  Basin  where  previous  studies,  to  our 
knowledge,  are  lacking. 

The  objectives  of  this  paper,  which  details  part  of  an  intensive  water 
quality  monitoring  survey  conducted  in  December  1979  are:  (1)  to  util¬ 
ize  physicochemical,  macrobenthic,  and  periphytic  diatom  data  in  an 
assessment  of  existing  water  quality  in  the  West  Fork  of  the  San 
Jacinto  River,  and  (2)  to  characterize  and  provide  ecological  informa¬ 
tion  on  macrobenthic  and  periphytic  diatom  communities  from  a 
little-studied  region  of  the  state. 
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Figure  1.  West  Fork  of  the  San  Jacinto  River  near  Conroe,  Texas.  Stations:  1 — West  Fork 
0.5  km  upstream  from  Conroe  Regional  STP,  2 — West  Fork  immediately 
upstream  from  Lake  Creek  confluence,  3 — Lake  Creek  immediately  upstream 
from  the  mouth,  4 — West  Fork  at  IH  45,  5 — West  Fork  9.0  km  southeast  of 
Conroe,  6 — West  Fork  17.7  km  southeast  of  Conroe,  A — Conroe  Regional  STP. 

STUDY  AREA 

The  study  area  consisted  of  a  28  km  reach  of  the  West  Fork  of  the 
San  Jacinto  River  in  Montgomery  Co.,  southeast  Texas  (Fig.  1).  The 
West  Fork  heads  in  Walker  Co.  and  flows  about  113  km  southeastward 
to  Lake  Houston,  where  the  confluence  of  the  East  and  West  forks 
forms  the  San  Jacinto  River.  The  10,360  km2  San  Jacinto  River  Basin 
slopes  from  an  altitude  of  99  m  in  the  headwaters  to  sea  level.  The 
moist,  subhumid  climate  is  characterized  by  long,  hot  summers  and 
mild  winters,  with  the  117  cm  average  annual  rainfall  barely  exceeding 
water  need. 

The  basin  lies  in  the  Texan  Biotic  Province  (Blair,  1950),  a  broad 
ecotone  separating  the  forests  of  eastern  Texas  from  western  grasslands. 
The  sandy  soils  of  the  gently  rolling,  northern  2/3  of  the  basin  are 
heavily  timbered,  the  principal  dominants  including  post  oak,  black¬ 
jack  oak,  and  hickory.  Clay  soils  of  the  level,  nearly  featureless  south¬ 
ern  1/3  of  the  basin  originally  supported  a  tail-grass  prairie  prior  to 
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extensive  cultivation.  Alluvial  soils  of  the  river  valleys  support  a  mesic 
forest  dominated  by  pines,  oaks,  hackberries,  and  pecans. 

The  near-surface  geology  in  the  drainage  area  of  the  study  reach  is 
predominated  by  Lagarto  Clay  and  Oakville  Sandstone  of  Tertiary  age 
which  constitute  a  thick  section  of  light-colored,  massive,  calcareous 
clay  and  silt  interbedded  with  thin  layers  of  lime-cemented  sand  and 
gravel  (Hughes  and  Rawson,  1966).  The  river  bed  throughout  the  study 
reach  is  Quaternary  alluvium  predominated  by  sand,  with  localized 
deposits  of  gravel,  silt,  and  clay. 

The  drainage  area  of  the  study  reach  was  primarily  rural,  Conroe 
(population,  24,000)  being  the  only  community  with  more  than  2,000 
residents.  Of  10  wastewater  treatment  plants  in  the  drainage  area,  the 
Conroe  Regional  STP  was  the  only  major  plant  (>1.0  mgd)  discharg¬ 
ing  directly  to  the  river  (Twidwell,  1980). 

METHODS 

Water  quality  measurements  were  made  5  times  at  each  station  (3  hr 
intervals)  from  predawn  to  sunset  on  4  December  1979.  Field  physico¬ 
chemical  analyses  included  dissolved  oxygen,  specific  conductance,  pH, 
temperature  (Hydrolab  Model  60  Surveyor),  total  alkalinity  (bromcresol 
green-methyl  red  indicator  method),  and  stream  discharge  (Marsh- 
McBirney  Model  201  Portable  Water  Current  Meter).  Residual  chlorine 
was  measured  at  Stations  1,  2,  4,  and  6  (DPD  ferrous  titrimetric 
method).  Additional  analyses  were  performed  on  time-weighted  com¬ 
posite  samples  from  each  station  according  to  standard  methods  by  the 
Texas  Department  of  Health  Chemical  Laboratory. 

Benthic  macroinvertebrates  were  collected  on  5  December  1979  using 
a  Surber  square  foot  sampler  with  a  net  of  12  meshes/cm.  Five  Surber 
samples  taken  at  each  station  were  composited,  preserved  in  5%  for¬ 
malin,  stained  with  rose  bengal,  washed  in  the  lab  in  a  U.S.  Standard 
No.  30  seive,  and  sorted  at  12X  using  a  dissecting  microscope. 

Periphytic  diatoms  were  collected  by  scraping  the  different  natural 
substrates  available  at  each  station,  and  the  composited  scrapings  were 
preserved  in  5%  buffered  formalin.  Diatom  slides  were  prepared  accord¬ 
ing  to  Patrick  and  Reimer  (1966).  A  slide  from  each  station  was 
scanned  at  1,000X  for  4  hr  and  all  whole  frustules  were  identified  and 
counted.  Taxonomic  keys  utilized  in  identifying  diatoms  included 
Hustedt  ( 1930a, b),  Patrick  and  Reimer  (1966,  1975),  and  Weber  (1971). 

Benthic  macroinvertebrate  and  periphytic  diatom  diversities  were 
calculated  using  the  equation  described  by  Wilhm  (1967),  macrobenthic 
redundancy  using  the  equations  of  Young  et  al.  (1976),  and  periphytic 
diatom  equitability  according  to  Pielou  (1966).  Student’s  t  test  as  des¬ 
cribed  by  Zar  (1974)  was  utilized  to  determine  the  statistical  signifi¬ 
cance  of  differences  between  diversity  values. 


TABLE  1 

Physicochemical  Data,  West  Fork  San  Jacinto  River,  Texas,  4  December  1979 
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RESULTS 
Water  Quality 

Water  in  the  study  reach  was  clear,  moderately  hard,  and  low  in  dis¬ 
solved  solids  (Table  1).  Primary  productivity  was  minimal  as  indicated 
by  low  chloropyhll  a  levels,  although  nutrient  concentrations  did  not 
appear  to  be  limiting.  Diurnal  dissolved  oxygen  measurements  were 
above  8.0  mg/£  at  all  stations,  with  relatively  narrow  ranges  between 
maxima  and  minima.  Stream  discharge,  pH,  and  total  dissolved  solids 
exhibited  slight,  cumulative  increases  in  a  downstream  direction. 
Residual  chlorine,  ammonia  nitrogen,  total  phosphorus,  and  biochem¬ 
ical  oxygen  demand  were  elevated  at  Station  2,  located  downstream 
from  the  Conroe  Regional  STP  discharge. 

Periphytic  Diatoms 

A  total  of  95  taxa  were  collected,  with  totals  among  stations  ranging 
from  16  at  Station  6  to  46  at  Station  1  (Table  2).  Diversity  at  Station  2 
(2.09)  was  significantly  lower  (p<0.001)  than  at  any  other  station, 
while  that  at  Station  1  was  significantly  higher  than  that  at  any  other 
station  (p<0.01).  Equitability  values  were  high  and  very  uniform  at 
Stations  1,  3,  4,  5,  and  6,  ranging  from  0.73-0.79,  while  equitability  at 
Station  2  was  anomalously  low  (0.48). 

Surirella  sp.,  Navicula  viridula  var.  rostellata,  Melosira  varians,  and 
Navicula  laterostrata  were  numerically  important  at  most  of  the  sta¬ 
tions,  but  were  rare  at  Station  2.  The  diatom  community  at  Station  2 
was  numerically  dominated  by  small  Navicula  (subgenus  Minuscula ) 
and  Nitzschia  palea.  Navicula  ingenua  comprised  62%  of  the  commun¬ 
ity  at  Station  2,  but  was  not  encountered  at  any  other  station. 

Benthic  Macroinvertehrates 

Thirty-one  macrobenthic  taxa  were  collected,  with  station  totals 
ranging  from  2  at  Station  3  to  17  at  Station  5  (Table  3).  Diversity  was 
low  at  Stations  1,  3,  and  4  (1.58,  1.00,  1.27),  moderate  at  Station  2 
(2.67),  and  high  at  Stations  5  and  6  (3.82,  3.42). 

The  most  commonly  encountered  macrobenthic  organisms  were 
organic  sediment  feeders  (naidid  Oligochaeta,  Corbicula  manilensis), 
and  the  Chironomidae  (13  species).  High  redundancy  at  Station  1 
(0.64)  resulted  from  disproportionate  numbers  of  the  chironomid, 
Orthocladius  sp.,  and  the  Asiatic  clam,  Corbicula  manilensis.  The  chi¬ 
ronomid,  Cricotopus  sp.,  exhibited  a  high  degree  of  dominance  at  Sta¬ 
tion  4,  which  is  reflected  in  the  high  redundancy  value  (0.73). 

DISCUSSION 

Excellent  water  quality  observed  through  most  of  the  study  reach 
was  promoted  by  several  factors.  (1)  Mineralization  was  low  due  to  the 
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TABLE  2 

Periphytic  Diatoms,  West  Fork  San  Jacinto  River,  Texas,  5  December  1979 


Station 

1 

2 

3 

4 

5 

6 

Total  number  of  individuals  counted 

293 

385 

318 

98 

228 

62 

Total  number  of  taxa 

46 

21 

32 

32 

32 

16 

Diversity 

4.27 

2.09 

3.80 

3.48 

3.84 

3.01 

Equitability 

0.77 

0.48 

0.73 

0.79 

0.77 

0.75 

Taxon 

Percentage  Composition 

Division  Chrysophycophyta 

Class  Bacillariophyceae 

Achnanthes  sp. 

2 

A.  exigua  var.  exigua 

0.5 

A.  lanceolata  var.  dubia 

0.3 

1 

1 

A.  lanceolata  var.  haynaldii 

0.7 

10 

A.  lanceolata  var.  lanceolatoides 

0.2 

Amphora  ovalis  var.  af finis 

1 

0.3 

Bacillaria  paradoxa 

2 

2 

3 

0.4 

Biddulphia  laevis 

1 

2 

Caloneis  bacillum  var.  bacillum 

0.5 

2 

Capartogramma  crucicula 

1 

Cocceneis  fluviatilis  var.  fluviatilis 

0.7 

2 

0.2 

C.  placentula 

1 

2 

Cyclotella  caspia 

1 

C.  meneghiniana 

2 

C.  operculata 

0.3 

Cymbella  sp. 

0.3 

0.4 

C.  laevis 

1 

Diploneis  puella  var.  puella 

3 

1 

Eunotia  sp. 

5 

E.  exigua  var.  exigua 

2 

E.  pectinalis  var.  pectinalis 

0.2 

E.  pectinalis  var.  minor 

2 

Gomphonema  parvulum  var. 

parvulum 

3 

2 

Gyrosigma  nodiferum  var.  nodiferum 

0.4 

0.3 

Gyrosigma  spencer ii 

0.3 

Hantzschia  amphioxys  var.  capitata 

3 

27 

3 

4 

Melosira  granulata 

6 

0.5 

4 

0.4 

3 

M.  granulata  var.  angustissima 

0.3 

M.  islandica 

0.8 
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TABLE  2 — Continued. 


M.  varians 

8 

20 

34 

Navicula  accomoda 

0.4 

N.  angelica 

1 

N.  arvensis  var.  arvensis 

0.3 

N.  atomus  var.  atomus 

0.1 

N.  capitata  var.  capitata 

3 

0.7 

N.  cincta 

2 

N.  elginensis  var.  elginensis 

0.4 

N.  exigua  var.  capitata 

6 

0.3 

11 

0.2 

N.  graciloides  var.  graciloides 

3 

N.  ingenua 

62 

N.  laterostrata  var.  laterostrata 

17 

0.5 

0.3 

3 

6 

3 

N.  luzonensis  var.  luzonensis 

12 

0.6 

22 

N.  pelliculosa  var.  pelliculosa 

2 

N.  pupula  var.  pupula 

4 

1 

3 

N.  pupula  var.  elliptica 

0.3 

N.  pupula  var.  rectangularis 

0.3 

0.1 

0.3 

1 

N.  radiosa  var.  tenella 

2 

N.  secura  var.  secura 

2 

N.  symmetrica  var.  symmetrica 

1 

4 

5 

0.4 

N.  viridula  var.  rostellata 

6 

1 

19 

15 

3 

Navicula  sp. 

0.5 

1 

0.7 

8 

Neidium  affine  var.  amphirhynchus 

0.3 

0.4 

N.  affine  var.  longiceps 

0.4 

Nitzschia  Lanceolatae 

0.7 

5 

Nitzschia  Nitzschiella 

2 

Nitzschia  Sigmoideae 

1 

Nitzschia  Tryblionellae 

0.2 

N.  acicularis 

1 

3 

4 

N.  amphibia 

0.3 

0.4 

N.  apiculata 

0.3 

N.  commutata 

0.3 

N.  dissipata 

0.7 

0.5 

N.  frustulum 

0.3 

N.  gracilis 

0.2 

N.  heufleriana 

0.3 

N.  holsatica 

# 

N.  kutzingiana 

0.3 

N.  linearis 

0.3 

N.  obtusa 

0.3 

1 

N.  palea 

4 

11 

0.3 

3 

N.  paleacea 

0.2 
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TABLE  2 — Continued. 


N.  parvula 

2  3 

N.  sigma 

0.3 

0.3 

N.  sublinearis 

1 

N.  thermalis 

0.3 

N.  tryblionella 

0.4 

N.  vermicularis 

0.7 

N.  vitrea 

0.3 

2 

N.  virtea  var.  salinarum 

2 

Nitzschia  sp. 

0.3 

1  1 

Pinnularia  abaujensis  var.  rostrata 

1 

1  4 

P.  abaujensis  var.  subundulata 

1 

P.  biceps  var.  biceps 

11 

P.  subcapitata  var.  paucistriata 

0.3 

Pinnularia  sp. 

2 

Rhopalodia  musculus  var.  musculus 

0.3 

Stephanodiscus  invisitatus 

1 

Stephanodiscus  sp. 

0.3 

Surirella  ovata 

3 

Surirella  spp. 

23 

19  8  13  25 

Synedra  actinastroides 

# 

S.  delicatissima  var.  delicatissima 

1 

1 

S.  ulna  var.  ulna 

1 

15 

Synedra  sp. 

0.7 

Terpsinoe  musica 

2 

0.3 

*Present  but  not  quantified. 

very  low  dissolved  solids  content  of  surface  runoff  and  groundwater 

inflow,  as  high  rainfall  has  leached  most  of  the  soluble  minerals  from 
the  soil  and  near-surface  rock.  (2)  Impact  from  the  activities  of  man  is, 
at  present,  minimal.  (3)  Swift  flow  velocity  resulting  from  the  physical 
nature  of  the  stream  promotes  a  high  atmospheric  reaeration  rate  and 
buffers  the  effects  of  introduced  biochemical  oxygen  demand,  allowing 
the  stream  to  assimilate  the  wastewater  it  presently  receives  without 
appreciable  oxygen  depletion.  Water  quality  was  relatively  similar  to 
that  observed  by  Hughes  and  Rawson  (1966),  indicating  no  gross 
changes  within  the  past  15  yr. 

Biological  data  also  reflected  the  general  prevalence  of  high  water 
quality.  The  total  number  of  diatom  taxa  (95)  and  ranges  in  diversity 
and  equitability  at  Stations  1,  3,  4,  5,  and  6  (3.01-4.27;  0.73-0.79)  were 
high  in  comparison  with  values  reported  from  several  clean  water 
streams  in  Oklahoma  (Seyfer  and  Wilhm,  1977)  and  were  indicative  of 
healthy  environments. 
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TABLE  3 

Benthic  Macroinvertebrates,  West  Fork  San  Jacinto  River,  Texas,  5  December  1979 


Station 


1 

2 

3 

4 

5 

6 

Total  number  of  individuals 

102 

62 

4 

60 

127 

39 

per  square  meter 

Total  number  of  taxa 

7 

8 

2 

5 

17 

12 

Diversity 

1.58 

2.67 

1.00 

1.27 

3.82 

3.42 

Redundancy 

0.64 

0.22 

0.00 

0.73 

0.12 

0.33 

Taxon 

Number  of  Individuals/m2 

Oligochaeta 

Chaetogaster  cristallinus 

2 

Dero  nivea 

2 

Dero  obtusa 

9 

LimnocLrilus  hoffmeisteri 

13 

Nais  elinguis 

13 

4 

6 

Nais  pardalis 

11 

Nais  variabilis 

2 

4 

Pristina  acuminata 

2 

Pristina  osborni 

2 

Tubificidae  (immature) 

4 

Coleoptera 

Stenelmis  sp. 

11 

Diptera 

Chironomidae  genus  A 

2 

Chironomus  stigmaterus 

9 

Cladotany tarsus  sp. 

4 

Cricotopus  sp. 

6 

45 

4 

2 

Cryptochironomus  fulvus 

13 

2 

Dicrotendipes  neomodestus 

4 

4 

Empididae 

2 

Hexatoma  sp. 

2 

Kiefferulus  dux 

2 

Orthocladius  sp. 

19 

Polypedilum  halterale 

2 

Polypedilum  sp. 

2 

6 

4 

Pseudochironomus  sp. 

2 

Rheocricotopus  sp. 

6 

Tany tarsus  sp. 

2 

2 

Ephemeroptera 

Stenonema  sp. 

2 

11 

2 

Tricorythodes  sp. 

2 

11 

6 

Odonata 

Phyllogomphoides  albrighti 

2 

Trichoptera 

Cheumatopsyche  sp. 

2 

22 

Pelecypoda 

Corbicula  manilensis 

67 

15 

6 

6 

2 
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Although  the  total  number  of  macrobenthic  taxa  (31)  was  low  in 
comparison  to  studies  on  other  Texas  streams  (Davis,  1980;  Darville 
and  Harrel,  1980)  and  diversity  and  standing  crop  were  generally  low, 
this  is  a  natural  condition  attributable  to  the  predominance  of  clean, 
sandy  substrata.  Such  habitats  typically  support  few  macrobenthic 
organisms  due  to:  (1)  subjectiveness  to  scour  and  refill  during  flooding, 
(2)  scarcity  of  microhabitats  available  for  colonization,  and  (3)  lack  of 
organic  food  material  (Hynes,  1970).  Where  structurally  more  complex, 
gravel  substrata  conducive  to  macrobenthic  habitation  were  present 
(e.g.,  Stations  5  and  6),  diversity  was  high  (3.42-3.82),  falling  well 
within  the  range  considered  indicative  of  clean  water  (2. 6-4.0;  Wilhm, 
1970)  and  comparing  favorably  with  diversity  observed  in  other  clean 
water  Texas  streams  (Davis,  1980;  Darville  and  Harrel,  1980). 

Lake  Creek  (Station  3),  which  contributed  about  2/3  of  the  flow  to 
the  study  reach,  was  extremely  oligotrophic,  with  a  clean  sand  substra¬ 
tum.  Accordingly,  few  macrobenthic  individuals  were  present  and 
diversity  was  low  (1.00).  Periphytic  diatom  diversity,  on  the  other 
hand,  was  the  third  highest  observed  in  the  study  (3.80).  The  West 
Fork  upstream  from  Conroe  Regional  STP  (Station  1)  was  physico- 
chemically  similar  to  Lake  Creek,  but  the  presence  of  some  gravel  pro¬ 
vided  a  slightly  more  complex  substratum.  Since  Station  1  was  located 
upstream  from  any  wastewater  discharges  and  had  a  sand  substratum 
typical  of  most  of  the  study  reach,  low  macrobenthic  diversity  there 
(1.58)  represented  baseline  conditions.  Conversely,  baseline  periphytic 
diatom  diversity  as  represented  by  the  value  at  Station  1  (4.27)  was  by 
far  the  highest  observed  in  the  study. 

Slight  water  quality  degradation  occurred  at  Station  2  downstream 
from  the  Conroe  STP  outfall  as  indicated  by  (1)  elevated  biochemical 
oxygen  demand,  ammonia  nitrogen,  total  phosphorus,  and  residual 
chlorine,  (2)  the  occurrence  of  macrobenthic  taxa  generally  associated 
with  eutrophic  conditions  ( Chironomus  stigmaterus,  Limnodrilus  hoff- 
meisteri),  and  (3)  suppressed  macrobenthic  and  periphytic  diatom 
diversities  (2.67;  2.09).  Whereas  the  gravel  substratum  approached  the 
degree  of  complexity  occurring  at  Stations  5  and  6,  macrobenthic 
diversity  was  significantly  reduced  (p<0.002),  falling  near  the  range 
associated  with  moderate  pollution  (1.0-2. 6;  Wilhm,  1970).  Periphytic 
diatom  diversity  was  significantly  lower  than  at  any  other  station,  fal¬ 
ling  into  the  upper  end  of  the  range  reported  for  Skeleton  Creek, 
Oklahoma  (0.3-2. 2),  a  stream  degraded  by  industrial  and  domestic 
effluents,  and  corresponding  to  values  considered  indicative  of  moder¬ 
ate  pollution  (Cooper  and  Wilhm,  1975).  The  presence  of  potentially 
toxic  residual  chlorine  and  ammonia  levels  from  the  Conroe  STP  dis¬ 
charge  was  probably  the  major  factor  suppressing  biotic  diversity  at 
Station  2  through  the  elimination  of  sensitive  species.  Toxic  effects 
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were  implied  by:  (1)  the  persistence  of  chlorine  and  ammonia  at  levels 
known  to  be  acutely  toxic  to  many  aquatic  organisms  (see  McKee  and 
Wolf,  1963),  (2)  lack  of  species  richness  in  the  periphytic  diatom  and 
macrobenthic  communities;  ie.,  a  paucity  of  species  in  comparison 
with  numbers  found  in  physically  similar  habitats,  and  (3)  low  macro¬ 
benthic  redundancy,  in  contrast  to  what  would  be  expected  if  organic 
pollution  were  the  major  suppressant. 

Physicochemical,  periphytic  diatom,  and  macrobenthic  characteris¬ 
tics  recovered  to  a  considerable  degree  at  Station  4.  Macrobenthic  diver¬ 
sity  (1.27)  was  low  and  approximated  baseline  values  due  to  poor  habi¬ 
tat  afforded  by  the  monotonous,  sand  substratum.  Periphytic  diatom 
diversity,  on  the  other  hand,  was  high  (3.48),  not  differing  significantly 
from  the  high  values  observed  at  Stations  3,  5,  and  6  (p>0. 10).  At  Sta¬ 
tion  5,  macrobenthic  diversity  (3.84)  and  the  number  of  taxa  (17)  were 
the  highest  and  periphytic  diatom  diversity  (3.84)  was  the  second  high¬ 
est  recorded,  due  to  high  water  quality  and  excellent  habitat  afforded 
by  coarse  gravel  riffles.  Biotic  diversity  declined  to  a  degree  at  Station 
6,  attributable  primarily  to  lessened  habitat  suitability  due  to  the  pres¬ 
ence  of  considerable  sand,  but  was  still  indicative  of  clean  water. 

Rapid  population  growth  in  the  drainage  area  of  the  study  reach 
poses  a  potential  threat  to  existing  water  quality  as  the  volume  of  was¬ 
tewater  to  be  disposed  of  increases.  Conroe  is  projected  to  grow  from  a 
present  population  of  24,000  to  60,000  by  the  year  2000  (TDWR,  1981). 
The  Conroe  Regional  STP  is  presently  permitted  to  discharge  a  daily 
maximum  of  2.0  mgd,  but  has  recently  proposed  to  incorporate  the 
flow  presently  treated  by  a  second  facility  and  increase  the  maximum 
daily  discharge  to  6.0  mgd.  The  effects  of  increased  pollutant  loading 
on  water  quality  and  biological  resources  should  be  closely  monitored, 
and  an  accurate,  up-to-date  waste  load  evaluation  and  oxygen  resource 
model  maintained  to  allow  determination  of  wastewater  treatment  lev¬ 
els  necessary  to  prevent  water  quality  deterioration. 
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AN  INDEX  TO  THE  HOSTS  IN  YAMAGUTI’S  SYNOPSIS 
OF  DIGENETIC  TREMATODES  OF  VERTEBRATES,  1971 
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and  DONALD  W.  TUFF 
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San  Marcos,  TX  78666 

INTRODUCTION 

Since  the  publication  (Tuff  and  Huffman,  1977)  of  our  index  to  the 
genera  of  hosts  in  Yamaguti’s  Systema  Helminthum,  (1958-1963),  we 
have  been  encouraged  to  prepare  indices  to  the  hosts  in  Yamaguti’s 
trematode  synopses  (Yamaguti,  1971,  1975).  These  extensive  references 
of  over  2250  combined  pages  have  largely  replaced  Systema  Helmin¬ 
thum  Vol.  I  in  the  trematodologist’s  laboratory. 

It  is  difficult  to  explain  why  Yamaguti  went  to  such  monumental 
efforts  to  assemble  all  this  information  on  trematodes  and  their  hosts 
without  providing  a  host  index,  especially  in  view  of  his  recognition  of 
the  importance  of  host  classification  in  the  identification  of  parasites. 
This  philosophy  is  clearly  evident  in  the  host-oriented  organization  of 
his  works  which  was  .  .still  retained  for  the  reason  that  this  book  is 
originally  designed  as  a  guide  to  ready  classification  for  laboratory 
workers...”  (Yamaguti,  1971:1).  It  is  also  evident  in  the  fact  that  he 
included  more  host  references  in  the  synopses  than  in  Systema  Helmin¬ 
thum,  and  more  of  these  hosts  were  identified  to  the  species  level. 
Errors  in  the  host  names  were  also  much  less  frequently  detected  in  the 
synopses  than  in  Systema  Helminthum. 

This  index  includes  hosts  from  the  1971  work  only.  Generic  names 
are  in  upper  case  to  facilitate  scanning  the  index.  All  host  species  listed 
under  one  genus  are  included  in  parentheses  with  the  genus  name  and 
are  separated  by  semicolons.  Common  names  encountered  in  the  syn¬ 
opsis  are  not  included  in  the  index  except  for  those  that  were  unam¬ 
biguous  at  the  generic  or  specific  level,  in  which  case  they  were  con¬ 
verted  to  the  corresponding  scientific  names  for  this  index. 
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(ABACIA  aequituberculata-111)  (ABALISTES  stellaris-92, 146,155, 166, 207,326)  (ABBOTTIA  sp-802)  (ABBOTTINA 
revularis-224 )  (ABDIMIA  abdimii-646)  (ABLENNES  h ians-1 1 6 , 2 1 2 )  (ABLEPHARUS  bouton i i - 4 48 )  (ABRAMIS  sp-88,89,90, 
96,97,173,222,225,621,630,632,650,651,653,654,660,662,685,765,795,801,815;  bal lerus-81 5 ;  bl icca-6 53 , 677 , 81 5 ; 
brama-88, 89, 90, 133, 197, 653, 677, 795, 797, 809, 8 15;  sapa-1 34 , 81 5 ;  vimba-797)  (ABUDEFDUF  sp-282;  abdominal is-180, 
302,310;  marqinatus-42, 115;  pa lmer i-302;  saxatilis-42,115,169,288;  sex£asciatus-i52;  sord idus-302)  ( ACANTHIAS 
sp-92;  vulgar  is- 92)  (ACANTHIS  sp-526;  br ev i rost r is- 527 )  ( ACANTHOBRAMA  sp-96,623;  t e r r aesanc tae-67 3 , 809 ) 
(ACANTHOCEPOLA  1 imbata-323)  (ACANTHOCHITES  sp-79)  (ACANTHOC LINUS  sp-223)  ( ACANTHOCOTTUS  sp-279,286; 
octodecimspinosus-145;  scorpius-194)  ( ACANTHOC YB I UM  petus-324;  sara-252,257;  solandri-252, 324) 
(ACANTHOGOBIUS  S£-223 , 23 2 , 628 , 800 , 802 , 805 , 8 1 2 , 824 ;  £  1  a v imanus-8 3 , 1 1 1 , 177 , 223 , 231 , 305 , 622 , 6 26 , 636 , 807 ;  hasta- 
124,177,183,232)  (ACANTHOPSETTA  sp-116)  (ACANTHORHODEUS  sp-545;  asmussi-183)  ( ACANTHOSAURA  major-418) 
(ACANTHOSTRACION  t r icorn i s-1 27 )  (ACANTHURUS  sp-311;  ach i 1 lus-4 2 ;  bah ianus-4 2, 307 , 308 ;  caeruleus-31 , 42, 285, 302, 
307,308,316;  dussum i e r i-32 , 1 1 3 , 284 , 302 ;  hepa tus-31 , 42 , 307 , 308 ;  raata-293;  monrov iae-77 ;  niqroris-179; 
olivaceus-113,284,305;  sandy icensis-32, 42, 51 , 81 , 177 , 180 , 288 , 304 , 305, 306 , 315 ;  sohal-31 , 32, 149 , 150 ; 
triostequs-302)  (ACARTIA  sp-286;  claus i-280 , 306 ;  tonsa-305)  (ACCENTOR  modul a r is-68 5 )  (ACCIPITER  sp-524,567, 
658,670;  bad ius-657 , 671 ;  cooper i- 566 , 655 , 674 ;  gent il is-614 , 655, 657 , 658 , 674 , 68 1 ;  hensti-674;  n i sus-573, 655, 656 , 


657,658;  pectoral is-6 56 ;  pileatus-669;  striatus-657;  velox-658;  virqatus-617,669)  (ACERINA  sp-66, 90, 135, 138, 
197, 222', 225, 621, 649, 663, 801;  cernua-88 , 90 , 1 37 , 17 3 , 18 3 , 28 4 , 369 , 66 2 , 677 )  (ACESTRORHAMPHUS  sp-1 19 , 230 , 299 ) 
(ACHE  I LOGNATHUS  S£-240 , 54 4 , 54 5 , 62 3 , 629 , 630 , 639 , 76 5, 802 ;  cyanost iqma- 1 4 1 ;  flavimanus- 8 0 2 ;  intermedia-141,64  4, 
765;  lanceolata-245, 54  5,64  3,808;  limbata-622;  tabira-643)  (ACHIRUS  fasc  iatus-145)  (ACILIUS  semisulcatus - 1 3 5 ; 
sulcatus-369)  (ACIPENSER  sp-97 , 1 22 , 1 35 , 222 , 22 3 , 320 , 64 9 , 660 ;  f ul vescens-1 39 ;  queldenstaed t i- 1 22 , 123 ;  naccari- 
123;  nasus-351 ;  nud iventr is-97 ;  rubicund us-123, 139;  ruthenus-1 38 ;  stellatus-123;  sturio-122,123,281; 


transmontanus-334)  (ACMAEA  d iq i tal is-1 02, 510)  (ACRIDOTHERES  sp-507,567;  cr i sta tel 1 us-579 , 658 ;  qinqimanus-590; 
tristis-582)  (ACRIS  sp-359,803;  c repi tans-8 20 )  (ACROCEPHALUS  sp-611;  a r und inaceus- 5 21 , 57 2, 575 ; 

schoenobaen us-525)  (ACRONEURIA  cal ifornica-365;  pacifica-589)  ( ACROPOMA  japonicum-114, 303)  (ACTIONYX 

jubatus-822)  (ACTITIS  sp-501 , 520 , 521 , 526 , 596 , 598 , 606 ;  hypoleucos- 521 , 5 24 , 52 5 , 57 5 , 594 , 596 , 606 ;  macularia-489, 
509,520,603)  (ADENOTA  sp-698 , 699 , 700 , 70 5 , 7 10 , 71 3 , 71 9 ;  kob-697,698;  leucotis-697;  vardoni-697)  (AECHMOPHORUS 
occidental  is- 548, 677)  (AEDES  sp-349, 357, 527;  aeqypt i-3  56 , 357, 7  38 )  (AEGIALITIS  sp-595;  h iat icula-6  05, 606 ; 
semipalmata-488)  (AEGYPIUS  sp-670)  ( AEPYCEROS  sp-699,700;  melampus-700)  (AEQUIDENS  pulcher-129)  (AESCHNA  sp- 

369,370;  cyanea-567;  multicolor-349)  ( AETHIOPSAR  cr istatell us-580)  (AETOBATUS  nar inar i-86 , 87 )  (AETRICES  sp- 
488)  (AGABUS  sp-135)  (AGAMA  sp-361;  colanarum- 4 1 7 )  (AGAMIA  aqam i-660 , 662 )  (AGELAIUS  sp-505 , 520 , 567 ; 

phoeniceus-484 , 520,525,577)  (AGKISTRODON  blomhoff i-4 26, 472;  contortrix-433,434;  halys-418 ;  mokasen-433, 434; 
piscivorus-4 31 ,432,433,434)  (AGONUS  sp-305)  (AGRIOLIMAX  sp-517,731;  ag rest is-360 , 516, 517 , 730, 732, 7  34 , 770; 
col  urn bianus- 732;  reticulatus-730)  (AGRION  sp-345,369)  (AGRYPNIA  sp-370)  (AIDEMOSYNE  cantans-536)  (AILURUS 
f ulgens-717)  (AIPYSURUS  laevis-447)  (AIX  sp-487 , 632, 676, 71 5 ;  qaler iculata-487 , 619, 675, 679;  sponsa-488) 

( AJAIA  a ja ja-562,669)  (AKODON  sp-691;  arviculoides-774)  (ALAEOPS  pi inthus-112)  (A LAUDA  sp-520;  arvensis-522, 
572,581)  (ALBULA  vulpes-8 6 , 1 00 , 10 1 , 1 1 2 , 237 , 300 , 309 , 331 )  ( ALBURNOIDES  sp-1 17 , 222, 621 , 653 )  (ALBURNUS  sp-88,89, 
96,97,173,197,222,225,649,660,662;  alburnus-25, 88 , 98 , 133, 677, 795;  charusini-89;  lucidus-795)  ( ALCA  sp-548,562, 
617,623,649,675,677,766,803;  torda-548 , 677 )  (ALCEDO  atthis-558, 594, 645, 665, 667, 686;  ispida-560;  viridirufa- 

615)  (ALCELAPHUS  sp-699;  cokei-700)  (ALCES  sp-720;  a lces-71 4 , 722)  (ALCICHTHYS  sp-305;  elonqata-160) 

(ALDRICHETTA  forsteri-28)  ( ALECTIS  i nd ica-1 1 5 , 296 , 309 , 31 2)  (ALECTORIS  sp-516,518;  qraeca-570, 573, 575, 580, 582) 
(ALEPISAURUS  sp-324;  aescula pi us-3 24 ;  borealis - 3 2 3 ;  ferox-323)  (ALEPOSOMUS  sp-315)  (ALESTES  macrolepidotus- 
134)  (ALLIGATOR  m iss i ss i ppi ens i s-4 44 , 4 51 , 46 5 , 468 , 470 , 47 1 )  (ALLOGONA  sp-517;  ptychophora-575)  ( ALLOTIS 

humil is-68)  (ALOPEX  sp-526 , 781 , 792 ;  1 aqopus-34 0 , 621 , 739 , 765 , 78 1 , 783 , 795 , 796 , 797 , 801 , 803 , 81 5 , 818 )  (ALOPOCHEN 
aegyptiacus-482)  (ALOSA  sp-175;  £ inta-202, 305, 316)  (ALOUATA  palliata-772)  (ALPHESTES  sp-223, 315;  quttatus- 
169;  multigut tatus- 159)  (ALSEONAX  sp-581)  (ALSOPHIS  angul i £e r-4 3 3)  (ALTICOLA  sp-770)  (ALUCO  1 ong imembr is-6 55 ) 
(ALUTERA  sp-125;  monoceros - 3 9 , 6 1 , 7 8 ;  schoepf i i-1 54 ;  scripta-61, 154,318)  (ALYTES  sp-427,428;  obstetr icans-358 , 
373,374,427,438,461)  (AMANSES  carolae-154;  pardal is-92;  sandwichiensis-207)  (AMAZONETTA  brasiliensis-680) 
(AMBASSIS  s p-620, 628, 800, 806, 807;  bur uens i s-2 31 , 636 , 805 )  (AMBLOPLITES  sp-66 , 1 38 , 203 , 237 , 541 , 647 , 652; 

rupestr is-68, 138, 139, 222, 226, 237, 239, 566, 607, 66 1,666)  (AMBLYRHYNCHUS  c r i s ta t us-4 0 3 , 404 , 405 )  (AMBYSTOMA  sp- 
203,342,344,359,360,651,817;  g rac i 1 e-34 1 ;  macrodactyl um-440;  maculatura-89, 344, 347, 374;  mex  icanum-3  58 , 461 ; 
micros tomum-3 59;  opacum-346 , 359,374;  punctatum-347;  tigrinum-347, 351)  ( AMEIURUS  sp-49, 66, 138, 199, 203, 222, 237, 

541,649,661,785,801;  catus-122;  lacustris - 8 9 ;  melas-68 , 88 , 89 , 91 , 239 , 654 , 780 ;  natalis-88 , 89 , 138 , 162, 199, 200 , 
239;  nebul os us-89, 91,135,138,162,199,200,202,238,239)  ( AMERIA  sp-539;  pec to rosa-4 19 , 530 , 540 ;  pyramidata-4 19 , 
496,530,540)  (AM I A  sp-66 , 191 , 661 ;  calva-66 , 68 , 1 99 , 20 3 , 801 ;  lineata-176)  (AMIATUS  sp-66)  (AMMOCRYPTA  sp-183) 
(AMMODYTES  sp-1 44 , 17 5 , 27 9 , 280 , 281 ;  amer icanus-1 26;  tobi anus-28 1 )  (AMMOMANES  sp-506)  (AMMOSPIZA  sp-567; 

maritime- 478, 520, 577, 599, 603, 609)  (AMNICOLA  sp-621 , 624 , 796;  dupo tet iana-374 , 461 ;  1 imosa-66, 97 , 544 , 568 , 593, 

615,621,793,795,801;  lustr ica-2 39 , 544 ;  peracuta-129, 130 ;  pilsbryi-597,607)  (AMPHACANTHUS  sp-620, 800 , 806; 

javus-60;  sigan-51 )  (AMPHIPEPLEA  cuming iana-720)  (AMPHIPNOUS  cuch ia-91 , 299 )  (AMPHISBAENA  sp-361, 449;  alba- 
415)  ( AM PH  1ST IC HUS  sp-191)  (AMPHITHOE  sp-193,606;  long imana-175;  rubricata- 598 )  (AMPHIUMA  sp-309, 342, 359, 360, 
413,430;  means-341,348,356,442;  t r idactylum-341 , 348,364)  (AMPULLARIA  sp-691, 761;  luteostoma-789 )  ( AMYDA  sp- 
413;  f erox-388 , 408 ;  japonica-4 1 3 , 42 5 , 459 ;  maacki i-4  24 , 425;  mutica-409;  sinensis-386,409,413,424,425; 
spinifera-387,388,408;  tuberculata - 4 2 4 )  (AN ABAS  sp-620, 622, 629, 805;  testud ineus-641 , 642, 802, 807 , 809 ) 

( ANABOLIA  sp-373)  ( ANACHIS 'avara-1 47 )  (ANAMPSES  sp-101,291)  (ANAPLOCAMUS  d ilatatus-647 )  (ANARRHICHAS  sp-111, 

148;  lupus-70,81,111,113,116,117,14  8,18  3,286;  minor-70,76,113,115,116,148)  (ANAS  sp-477 , 478 , 47 9 , 48 1 , 48 2 , 48 3 , 
484,485,486,487,488,489,490,495,498,502,503,504,520,533,534,535,537,539,544,559,560,567,568,570,588,594,597, 
598,605,606,607,609,614,615,616,617,621,623,624,628,629,643,644,646,651,669,671,674,675,676,677,678,679,680, 
711,715,716,761,765,781,801,807,822;  acuta-486 , 488 , 502, 503 , 508 , 537 , 560 , 562 , 581 , 595, 61 4 , 61 6 , 677 ;  boschas-482, 
484,490,500,502,503,504,507,527,531,532,536,560,561,562,567,569,570,596,614,616,617,634,643,652,669,677,685; 
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brasiliensis-678;  ca rol  inensis-678 , 686;  c  i  rc  ia-481 , 482 , 617 ;  clypeata-4  90, 519, 53  2, 560, 615, 677;  crecca-480, 490, 
502,526,531,533,595,614,669,677,679,685;  d iscors-530 , 679;  domestica - 4 8 1 , 482 , 486 , 508, 532 , 542, 616, 682, 794 ; 

eider- 486, 490;  erythrorhyncha-485;  f alcata-560, 581 ;  f ormosa-679;  £usca-592;  ipecutiri-485;  marila-559; 
melanotus-485;  penelope-490 , 560 , 595 , 669 , 71 6 ;  pi  a tyr hynchos-4  81 , 482 , 48  3 , 484 , 486 , 487 , 488 , 48  9 , 490 , 491 , 50  2,50  3, 
504,507,508,519,527,529,533,534,535,538,540,541,544,548,562,568,569,570,593,597,601,606,607,614,615,635,643, 
644,650,663,674,677,678,679,680,703,813;  poec i lorhyncha-534 , 540 ;  que rquedul a- 480, 497 , 502, 532, 536,560,570,592, 
616,617,643,678;  rubripes-503, 518, 534, 605, 678;  sponsa-685;  strepera-560, 569, 612;  undulata-481, 482)  (ANASPIDES 
tasman iae-171 )  (ANASTOMUS  sp-523;  lamelliqerus-54  3, 55  3;  osc i tans- 523 , 54  3 , 64  4 , 663, 67  9 )  ( ANATOPYNI A  varius-526) 

(ANAX  sp-457,567;  imperator-568 ;  parthenope-569)  ( ANCHOVIA  arenicola-282;  lyolepis-282;  olida-282) 

(ANCHOV1ELLA  sp-282;  epsetus-83)  (ANCYLOPSETTA  sp-311;  d i lec ta-1 8 0 , 297 ;  quad rocel la ta-172, 320)  (ANGELICHTHYS 
sp-61,149;  cillaris-119;  i sabel i ta-1 19)  (ANGUILLA  sp-66, 122, 185 , 189 , 193 , 196, 197 , 222, 279 , 286 , 311 , 649; 

anguilla-122,174,320;  austral is-167 , 217 , 31 3;  benqalensis-174, 175, 176;  chrysypa-237, 281 ;  d ieff enbachi i-167 , 
171,217,313;  j apon i ca-66 , 88 , 89 , 1 06 , 29 5 , 299 , 320 ;  mauritiana - 2 4 6 , 6 2 5 ;  rostra ta-1 22, 138, 295, 320;  vulqaris-100, 
101,122,183,190,197,310,320)  (ANGUIS  sp-359)  (ANGUISPIRA  sp-360,574;  a  1 ternata-360 , 506,7  33;  sol  i  tar ia-7  33) 
(ANHINGA  ££-539,546,640;  a nh i nqa-4 77 , 537 , 539 , 566 , 68 2 ;  melanoqaster-^5  35, 541 . 54  3 . 614 . 64  3 . 64  4 , 653 , 663 , 682; 

novaehollandiae-606,650,682;  r ufa-54 1 , 545, 549 , 632, 640 , 641 , 651 , 669)  ( ANISOGAMMARUS  annandalei-740) 

(ANISOTREMUS  ££-103,315;  davidsoni-100;  interrupt us-100, 103, 288;  pacif ici-100;  scapular is-124, 193, 288; 
virqinicus-37, 77, 85, 95, 100, 101, 103, 105, 112, 125, 126, 188, 195, 288, 315)  (ANISUS  sp-479, 656 , 669 , 697 ;  contortus-97, 
672;  convexiusculus-761;  h i emant i uro-341 ;  leucostomus-484,488,678;  natalensis-698,706,713;  sa ras i no rum-7 61 ; 

segment i na-340 ;  spi rorchis-678;  vortex-97,340,674,676,678,681)  (ANOA  depressicornis-713)  (ANODONTA  sp-137, 
222;  cellensis-223;  grand  is- 234, 734;  mutabil is-222)  (ANODONTOSTOMA  sp-28;  chacunda-51 )  (ANOLIS  carol inensis- 

423,425;  c r ista tel 1 us-77 5, 776 ;  lionotus-411;  porcatus-408;  scypheus-448 )  (ANONYX  sp-193)  (ANOPHELES  sp-349; 
macul ipennis-1 97 ,349,369,753;  pharoensis-754)  (ANOPLOCAMUS  d ilatatus-756)  (ANOPLOCAPROS  lenticularis-75) 
(ANOUS  stol idus-477)  (ANSER  sp-4 79 , 48 5 , 48 6 , 487 , 498 , 502 , 50 3 , 533 , 53 5 , 537 , 560 , 567 , 57 0 , 6 1 4 , 6 2 3 , 626 , 64 4 , 67 5 , 677 , 
678,679;  albifrons-487 , 557;  anser-486 , 489 , 498 , 500 , 508 , 531 , 535, 539 , 540, 560 , 680 ;  cinereus-626;  domesticus-634; 
erythropus-533, 557;  fa balls- 486, 487, 489, 508, 530, 557, 560;  hyperborea-503;  indicus-530)  (ANSERANAS 

semipalmata-502,503)  (ANTEDON  mediterraneus-95, 112)  (ANTENNARIUS  sp-309,311)  ( ANTHROPOPITHECUS  sp-709) 

(ANTHURA  qracil is-595)  (ANTHUS  sp- 520 , 522 , 577 , 579 , 595 , 598 ;  a rbor eus- 581 ;  austral is-525;  obscurus-527 ; 

spinoletta-522, 527,579;  trivial! s- 527, 578)  (ANTIGONE  an tig one- 540, 543,544,614,619;  australasiana-495,530) 

(ANTI LOPE  sp-95,112,700,712,713;  ce r v icapr a-8 2 1 )  (ANTIMORA  rostrata-159)  (AONYX  capensis-64  0, 766, 813, 817 ) 

( AORIA  aoria-222,224;  seenghala-224 )  (APATEMON  parapandubi-673)  (APELTES  sp-193;  quadracus-175, 305)  (APHANIUS 
fasciatus-636;  mento-141)  (APHAREUS  f urcatus-1 15, 238 , 243, 309 ;  rutilans-115, 243, 264)  (APHREDODERUS  sayanus-90, 
139)  (APLITES  sp-4 9;  salmo ides-68 , 226 , 666 )  (APLODINOTUS  q runniens-89 , 128 , 129, 130 )  (APLYSIA  punctata-1 44 ) 
(APODEMUS  ££-658,818;  aq r a r i us-7 31 , 739 , 740 , 764 , 821 ;  f lav icol 1 is-731 , 739 , 761 , 772 ;  syl vaticus-730, 731 , 739 , 740 , 
772,775,783)  (APODICHTHYS  f lav idus-1 93)  (APOGON  sp-191;  binotatus-179;  lineatus-83;  maculatus-180;  menesemus- 
190;  quadrifasciatus-282;  semil ineatus-176)  ( APOGONICHTHYS  carinatus-175, 183)  (APOLECTUS  niqer-293)  (APOMOTIS 
cyanel lus-68 , 89,666)  (APRION  virescens-115, 127, 205)  (APUS  sp-524;  apus- 526, 572, 581, 587;  caf fer-573, 579; 

pacif icus-572, 574;  pall idus-572)  (AQUILA  sp-616, 657 , 658 , 670 ;  chrysaetos-657,658;  clanqa-508 , 554 , 614 ; 

hal iaetos-635;  heliaca-658;  nipalensis-508;  pennata-570, 581 ;  rapax-586 , 614, 656, 67  4 )  (ARAMIDES  sp-546; 

cajanea- 579, 603,783;  cayennensis-531,532;  mangle-579;  niqricans-532)  (ARAMUS  scolopaceus-541 , 558 )  (ARAPAIMA 
g igas-209 , 210 )  (ARCHIBUTEO  sp-616 , 630 , 658 , 66 2)  (ARCHIPLANUS  so  1 i ta r i us- 580 )  (ARCHOPLITES  interruptus-183) 
(ARCHOSARGUS  ££-195,281,315;  pr obatocephal us-3 1 , 1 29 , 144 , 1 56 ;  rhomboidal is- 31 , 72, 112;  unimaculatus - 1 0 9 ) 
(ARCOCEPHALUS  sp-685)  (ARCTOGALE  sp-764)  (ARCTOPHI LORNIS  a f r icana-4 96 )  (ARDEA  sp-479 , 499 , 502 , 505 , 533 , 546 , 566 , 
567,595,623,628,639,640,654,660,672,673,674,675,680;  cand id issimus-633;  c inerea-493, 495 , 535, 540 , 541 , 544 , 545, 
546,554,563,584,604,613,615,622,625,627,632,639,640,641,642,650,652,659,662,663,672,685,811;  cocoi-546, 615, 
639,641,642;  coerulea - 6 3 9 ;  comata-544;  goliath-553,555,563,566,612,641,642;  qrayii-651;  qrus-533;  herodias- 
566,621,638,639,640,646,650,657,660,661,672,801;  hyperonca-660 ;  melanoceph ala-640;  minor-554;  minuta-685; 
purpurea-544,546,554,555,559,563,614,615,619,636,639,640,641,642,653,659,672,685;  stellaris-615;  virescens- 
615)  ( ARDEOLA  s p-483, 538, 544, 639, 640, 672, 673, 685;  bacchus-612, 615;  g ray i i-544 , 545, 559, 569 , 639 , 640 , 659, 660 , 67 2; 
ibis-672;  ralloides-554, 584, 614 , 641 , 659)  (ARDETTA  e rythromelas-631 , 633 , 634 ;  minuta-556)  (ARELISCUS  joyneri- 
125,147,187,303;  purpureomaculatus-187, 280)  (ARENARIA  sp-496 , 550 , 595 , 596 , 598 , 606 ;  interpres-477, 510, 511, 513, 
550,552,575,596,598,599,600,603,605,617,686)  (ARENICOLA  marina-550)  (ARGENTINA  kaqoshimae-125, 296;  silus-303, 
314;  striata-70, 287)  (ARGIA  sp-347)  (ARGYREIOSUS  brevoo r t i-99 )  (ARION  sp-7 19 , 731 , 732 )  ( ARISTICHTHYS  sp-30) 
(ARIUS  ££-328,329,333,628,806;  dussumieri-302;  f alcar ius-226 , 309 ;  qella-331;  heudeloti-328;  jatius-231; 
latiscutatus-332;  manilensis-176;  sona-1 55;  t ha lass  in us- 3 28)  (ARMADILLIDIUM  quadrifrons-577;  vulqare-579) 

(ARMADILLO  o f f i c i nal i s- 579 )  (ARMIGER  sp-697)  (ARNILLO  auricilla-160)  (ARNOGLOSSUS  bosci-293;  laterna-309, 310; 
thori-282;  violaceus-227 )  (AROMOCHELYS  odoratus - 4 4 1 )  (AROTHRON  hispidus-78)  (ARQUATELLA  maritima-495) 

(ARRIPIS  trutta-226)  (ARTAMUS  f uscus-584 , 58 5 , 587 )  (ARTEDIELLUS  sp-280,300;  pacif icus-125)  (ARTIBEUS 

j ama icensis-74  4 , 77  2)  (ARVICOLA  sp-739;  amphibius-715, 739 , 767 ;  r i pa r ius-716;  sapidus-715;  terrestris-704,715, 
716,739,740,762,767)  (ASCALOBOTES  maur i tanicus-418 )  (ASCAPHUS  t r uei-348 , 804 )  ( ASELLIA  sp-744)  (ASELLUS  sp-373; 

aquaticus-183, 369,739;  communis-597 , 607 )  (ASIO  sp-567 , 595,621 , 64 3, 670, 801 ;  accipitrinus-656;  f lammeus-668, 

822;  otus-655, 656,668)  (ASPICOTTUS  bison-304)  (ASPIDONECTES  sp-413)  ( ASPIDOPHOROIDES  sp-190;  olriki-95) 

(AS PI  US  sp-88, 89, 90, 97, 173, 222, 649, 651, 653, 660, 662, 765, 795;  aspi us-89 , 91 , 639, 809 , 81 5)  (ASPRO  sp-135, 173, 621, 
801;  streber-662)  (ASSIMINEA  j apon ica-78 1 , 789 , 790;  lutea-789;  pa ras i to log ica-789 , 790 ;  yoshidayukio i-789, 790 ) 
(ASTACUS  s p-790;  f 1 uv ia t il i s-8 1 4 ;  pall ipes-814 ;  trowbr idq i i-562, 746 )  (ASTATOTILAPIA  desf onta ines i-463, 802, 805, 
812)  (ASTRAEA  amer icana-1 88 )  (ASTYANAX  sp-244;  bimaculatus-201, 333;  f asciatus-230, 333)  (ATELEODACTINIS  sp-577) 
(ATELEOPUS  japonicus-180)  (ATELES  qeof f royi-772)  (ATHENE  brama-560, 568, 656;  noctua-508 , 644 , 668 )  (ATHERESTHES 
s P-80,233, 280, 305)  (ATHERINA  sp-7 3 , 21 3 , 223 , 227 , 620 , 62 3 , 800 , 80 3 ;  araea-116;  bleekeri-65, 223, 282;  boyeri-7  3; 
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hepsetus-73, 193,227,291;  mochon-1 93, 214,227;  pontica- 54 5, 548,766;  presbyter- 7 3 ,74,193)  (ATHERINOPSIS 
californica-806)  (ATILAX  pa  1 ud  inosus-788 , 791 )  (ATRETIUM  sch istosum-4 26 , 4 38 )  (ATROPUS  atropus-290)  (ATTILA 
c inerea-571 ;  rufus-571 , 579)  (AUCHENOGLANIS  occidental is-24 , 91 )  (AULOPUS  japonicus-180)  (AULOSTOMUS 
chinensis-126, 153;  maculatus-1 24 )  (AUSTRALORBIS  sp-691;  qlabratus-691 ;  nig r icans-691 )  (AUXIS  rochei-83, 225, 
250;  thazard-89, 225, 250, 256, 258, 266, 272, 274, 275, 310, 312)  (AUX1STA  peinosoma-290)  (AVIS  riparia-502)  (AXINURUS 
dugesii-638,641)  (AYTHYA  sp-479 , 487 , 50 2, 503 , 504 , 533 , 536 , 537 , 54 4 , 548 , 61 4 , 61 6 , 67 5 , 678 , 680 ;  ferina-513,537; 
fuligula-483,489,502,504,508,546,560;  mar i la-4 98 , 509 , 513, 553, 557, 677;  merula-514;  nyroca-502, 533)  (AZUMA 
emmnion-1 87 , 194 ) 

(BACHMANNIA  smi tt i-1 1 4 , 66 3 )  (BAGARIUS  bagar ius-222 , 224 ;  yar rel 1 i i-91 , 218 , 234 )  (BAGRUS  bayad-91 , 200 , 206 , 
213,247;  docmac-91 , 200 , 21 3 , 247 ;  f i lamentosus-213 )  (BAIRDIELLA  sp-109,180;  chrysur a-8 3 , 1 25 , 128 , 17 5 , 180 , 184 , 232 , 
281,320)  (BALAENA  mysticetus-726)  (BA LAENOPTERA  sp-717;  acuto rostra ta-720 , 726 ;  boreal is-7 17 , 726 ;  edeni-729; 
musculus-717 ;  physalus-717 , 726)  (BA LANTIOPTERYX  ocho te rena i-756 )  (BALANUS  sp-605;  balanoides-605)  (BALISTES 
s p-92,146, 189, 191;  aculeatus-150, 188;  bursa- 157;  capistratus-92, 146, 157, 166, 207;  capriscus-37,92,150; 
carolinensis-92,150,60  3;  nauf rag ium-37 , 126;  rinqens-150;  verres-8  5, 100, 150, 157, 16  5, 166, 170;  vetula-37 , 77 , 150 ) 
(BANDICOTA  sp-690,789;  benqalensis-789;  indica-788 , 789)  (BARBASTELLUS  sp-744;  barbastellus-739)  (BARBATULA 
toni-679)  (BARBUS  sp-89 , 90 , 96 , 97 , 117 , 1 3 3 , 1 35 , 17 3 , 193 , 1 97 , 620 , 628 , 632 , 639 , 649 , 653 , 660 , 662 , 799 , 81 1 ;  barbus-97; 
canis- 800,806,809,811;  chil inoides-133;  communis-660;  dobsoni-45;  long iceps-653, 806;  sarana-91 , 133 ;  sephre- 
639;  stigma-764 ;  tor-133,134,330)  (BASCANION  constr ictos-432)  (BASILICHTHYS  m icrolepidotus-1 1 4 , 663 , 667 ; 
perug iae-663)  (BASILISCUS  basil iscus-437;  vi ttatus-411 , 437 )  (BATAGUR  baska-398)  (BATHYGOBIUS  sp-190,281; 
f uscus-171 ;  so pora tor-176, 177)  (BATHYOMPHALUS  sp-479;  con to r tus-340 , 71 5)  (BATHYSTOMA  sp-103, 195, 315) 
( BATI LLARI A  mi n ima-478 , 508 )  (BAZA  subcr is ta ta-656)  ( BELLAMYA  ingal lsiana-530 , 535 )  (BELLATOR  sp-160, 180, 190) 
(BELONE  s p-228, 640;  acus-8 3 , 116 , 30 3 , 305 , 626 ;  cancila - 9 0 , 2 3 3 ;  choram-233;  esox-631;  stronqylura-89, 232, 233, 234 , 
317;  vulgaris-232)  (BELONOPTERUS  cayennensis-584)  (BEMBICIUM  auratum-510;  melanostoma-510;  nanum-510) 
(BEMBROPS  sp-180)  ( BENTHODESMUS  sp-180)  (BEROE  ovata-63)  (BERYX  decadactyl us-230, 233, 282;  spl endens-1 70 , 28 2 , 
293)  (BIOMPHALARIA  sp-689,691;  a  1 exand r i na-691 ;  glabrata-530, 533,  540,548,677,762;  katangae-362;  pfei f feri-530; 
s tram inea- 5  30 , 540,762;  sudanica-692 ;  tanganikanus-530 ;  tenagophila-530, 540)  (BITHYNELLA  hemph ill i-365, 804 ; 
nippon ica-789, 790)  (BITHYNIA  sp-96 , 489 , 532, 567;  goniomphalus-793;  leachi-96, 97 , 370, 424 , 486, 488 , 567, 792; 
striatula-554;  subdiella-457;  tentaculata-96, 97 , 17  2, 197, 367, 369, 487 , 488, 526, 559 , 560, 562, 563 , 567 , 568 , 569, 588 , 
616,643,644,649,675,678,710,767,815;  ventricosa - 5 2 9 )  (BITTIUM  alternatum-122, 246, 599)  (BLARINA  brevicauda-731, 
732,734)  (BLASTOCERUS  bezoa r t icus-698 ;  d  ichotomus-698)  (BLENNICOTTUS  g lobiceps-1 93 , 194 )  (BLENNIUS  sp-111,112, 
189,190,639;  ga t to  rug i ne-9 5, 11 1 , 11 2 , 144 ;  ocella r is-72 , 79 , 11 2 ;  pavo-95;  phol is-11 1 , 192 , 310;  viviparus-72; 
vulgaris- 14 1,193)  (BLEPSIAS  sp-280,564;  bi lobus-81 , 171 ;  cirrhosis-287;  draciscus - 3 0 2 )  (BLICCA  sp-88 , 89, 90 , 97 , 
135,197,222,225,621,630,660,662,685,765,797,801;  b joerkna-98 , 1 33, 134 , 630, 662, 795, 809, 81 5)  (BOA  sp-421; 
anaconda-440)  (BODIANUS  sp-311;  bi lunula tus-1 58 ;  d iplotaenia-1 44 ;  oxycephalus-1 58 ;  rufus-144)  (BOLBOPHORUS 
oriental is-650)  (BOLEOPHTHALMUS  sp-620 , 628 , 806 ;  pect ini rost r is-635 , 800 , 806 , 81 2 , 8 1 3 )  (BOLEOSOMA  sp-66 , 1 38 , 237 ; 
nig  rum-89, 138, 139, 193, 234, 24 2, 661)  (BOLINOPSIS  microptera-320)  (BOHBINA  sp-349 , 369, 370 , 373, 37  5, 428 , 438, 663, 
669;  bomb ina- 348 ,349,351,353,367,370,644,764;  va r iega ta-345, 348, 349, 350 , 351 , 353, 367, 370)  (BOMBINATOR  sp-340, 
363;  igneus-344 ,346,349)  (BOMBYCILLA  sp-520)  (BON AS A  sp-516;  umbel lus-506 , 517 , 521 , 568, 574 , 580 , 819 )  (BOOCERUS 
euryceros-713)  (BOREOGADUS  sp-1 59 , 280, 305)  (BOS  sp-689 , 693 , 694 , 699 , 705 , 71 0, 71 2, 71 3, 714 , 71 9 , 722 , 770 ;  bubal is- 
693,703,720,774;  caf fer-706 , 71 3;  chinensis-713 , 714 ;  ind icus-692, 694 , 697 , 700 , 705, 712, 713, 720 , 773 , 774;  kerabau- 
706,713,714;  taur us-48 5 , 694 , 697 , 698 , 699 , 700 , 705 , 706 , 71 0 , 711 , 71 2 , 71 3 , 71 4 , 720 , 771 , 773 , 774 )  (BOSELAPHUS 
tragocamelus-697,712,720)  (BOTAURUS  sp-536 , 54 6 , 639 , 64 0 , 649 , 650 , 658 , 661 , 662 , 672 , 680 , 68 5 ;  aerug  inosus-546; 
lent ig inosus- 507 , 568,633,638,660,673,679;  pinnatus-660;  poeciloptilus-660,661;  stellaris-543,544,546,548,555, 
556,559,621,654,660,673,681,683)  (BOTHROCARA  zesta-70, 160)  (BOTHROPS  sp-429,431;  atrox-4 33 , 434 ;  ja raraca-417 , 
418,429)  (BOTHUS  sp-303,311;  mancus-1 76 , 309 ;  ocellatus-291 ;  pantherinus-176, 309)  (BOX  sp-293;  boo ps- 306; 
salpa-53, 164)  (BRACHYDANIO  sp-540)  (BRACHYGENYS  sp-103;  chrysarqyreus-112)  (BRACHYGOBIUS  xanthozona-281 ) 
(BRACHYMYSTAX  sp-135,139;  lenok-1 38 , 18 3 , 77 9 )  (BRACHYODONTES  rodriquezi-222, 224 )  (BRACHYOTUS  sp-658) 
(BRACHYPHALLUS  crenatus - 2 8 1 )  ( BRACHYPTERNUS  benqal ens i s-656 , 657 )  (BRACHYRHAPHIS  episcopi-70)  (BRADYBAENA 
similaris-774)  (BRAMA  ra j i-261 , 262 )  ( BRANCHIOSTEGUS  j  a'pon  icus-1 47 , 163 , 1 66 . 18  3 , 296 )  (BRANDT  cormorant-477) 
(BRANTA  s£- 486,534,559,678;  bernicla - 4 8 9 ;  canadensi s-479 , 480 , 489 , 490 , 568 , 61 2, 677 , 678 , 716 ;  ruf icollis-533) 
(BREVIGOBIO  sp-544)  (BREVOORTIA  sp-279;  pa t ronus-1 44 , 305 ;  ty r annus-6 24 )  (BROTULA  sp-180;  ba rbata-78 , 244 , 297 ; 
multi  bar bat a- 2 86)  (BRYOSTEMMA  sp-116)  (BRYTTOSUS  kawamebar i-1 76)  (BUBALIS  major-713)  (BUBALUS  sp-698 , 700 , 705, 
713;  bubal  is- 697, 698, 699, 705, 706, 712, 713, 714, 773;  caffer-700)  (BUBO  sp-719;  bubo-572,656,668;  platypus-655; 
v i rg inianus-574 ,647,655,656,658,669)  (BUBULCUS  sp-546, 628 , 639, 672, 673, 685;  coromandus - 5 3 8 , 554, 673 ;  ibis-484, 
530,538,539,540,546,548,554,568,612,616,622,639,640,642,651,660,661,672,673,686,805,806)  (BUCCINUM  sp-124; 
undatum-79,124,148)  (BUCCO  collaris-531)  (BUCEPHALA  sp-479, 480 , 486 , 498 , 533, 534 , 536, 539 , 567 , 595, 596 , 623 , 676, 
678;  clangula-490,504,509,544,595,599,678)  (BUDGERIGAR  parakeet-477)  (BUFFELUS  sp-719)  (BUFO  sp-96, 340, 342, 
345,346,348,349,354,359,361,362,369,370,373,375,438,651,669,671,761,804,818;  aqua-357;  americanus- 3 4 4 , 345, 349, 
351,669,819,820;  arenarum - 3 5 4 ;  asiaticus - 3 4 7 ;  asper-370, 457;  boreas-342, 345, 346, 347, 355;  bufo-172, 351, 353, 369, 
370,373,644,663,674;  calam i ta-37 3 ;  cinereus - 3 6 7 ;  crucifer-346,361,374,639;  dorbiqnyi-346;  fowleri-346, 359; 
granulosus-372;  la tast 1 i-357 ;  lent iq inosus- 350, 351;  magellanicus-669;  mar inus-341 , 346,350,354,355,361,362; 
melanostictus-341,346,360,361,362,364,472,623;  musicus-355;  paracnemis-341, 346;  peltacephalus-361; 
r eg ularis- 341, 357, 361, 362, 367, 370, 374, 822;  ter  rest r is-359;  variabil is-373;  v  i  rg inianus-669;  viridis-341, 347, 
353,366,367,368,369,374;  vulgar  is- 34 5, 34  6, 349, 357, 361, 369, 373, 67  2;  woodhous i i-3  50)  (BULIMNEA  megasoma-410,536, 
676)  (BULIMULUS  sp-574;  a  1 terna tus-360 , 577 , 58 0 )  (BULIMUS  k i ushuensi s- 369 ;  str iatulus-97 , 486, 487, 54  4, 616, 64  3, 
765,794,795)  (BULINUS  sp-34 0 , 534 , 689 , 692 , 697 , 76 3 ;  abyss inicus-697 ;  af r icanus-689 , 691 ;  al luaud i-698 , 71 3; 
brochi i-689;  contortus-357 , 689 , 690 , 697 , 763 ;  dybowski-672 , 689, 704 , 763 ;  forskal i-697,704 ;  f orskal i i-689, 698 ; 
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guernei-694 ;  innesi-689, 763;  1 i ratus-530;  ma r iei-71 3;  seneqalensis-704;  synqenes-713;  tropicus-531,692,695, 

699;  truncatus-530,536,653,689,690,694,698;  uqandae-690)  (BUNGARUS  f asc iatus-4 26 )  (BURGOPHYSA  f orskal i-672) 
(BURHINUS  grallarius-582,671;  oed icnemus-6 52 )  (BUTASTUR  i nd icus-656 . 670, 674 ;  teesa-517)  (BUTEO  sp-567 , 616, 621 , 
630,649,658,669,670,671,801;  burmanicus-614 , 657 ;  buteo-534 , 576, 646 . 655, 656, 657 , 658 , 662, 663, 668 , 669 , 670, 681 , 
682;  gala pagoensis- 571;  jama icensis-656 , 670 ;  lagopus-658 , 681 ;  1 inea tus- 574 , 674 ;  maqnirostr is- 594, 674; 
nitidus-578;  pi  a typterus-578 , 656 , 67  0 ;  reqalis-657;  r uf  inus-627 , 64 5, 6  50 , 6  53, 657 , 658 ;  rufof uscus-647 , 670, 674 ; 
swa insoni-656 )  (BUTORIDES  sp-546, 632, 633, 639, 672, 803 ;  a t r icapi 1 lus-673 ;  s t r iatus-548 , 61 2 , 61 6 , 631 , 660 ; 

virescens- 507, 628, 631, 634, 638, 661, 672, 673, 678) 

(CACATUA  sulfurea-578)  (CACCABIS  chukar-575;  ruf us-577 ;  saxatil  ls-577)  (CACICUS  sp-577;  haemorrhous-574, 
577,581)  (CAESIO  chr ysozonus-1 50 , 309 ;  erythroqaster-60;  kuninq-306)  (CAESIOPERCA  sp-293;  thompsoni-292) 

(CAFFRAPUS  caf fer-578)  (CAIMAN  sp-467;  crocod i 1 us-46 5 , 468 , 469 ;  f uscus- 4 4 3 , 4 4 4 , 46 5 , 469 ;  1  a t i rost r is-468 ; 

sclerops-4 20 , 445,451,454,462,468)  (CAIRINA  sp-502,537;  moschata - 4 8 5 , 499 , 503 , 532 , 601 , 616 , 617 , 678, 680 ) 

(CALAMUS  s p-191, 195, 311, 315;  a  ret i f rons-1 26 ;  bajonado-25, 58 , 79 , 80 , 1 25 , 126 , 183 , 281 ;  brachysomus-55;  calamus-55, 
57,79,80,85,126,145,146,158,183,191,281,315)  (CALIDRIS  sp-51 3 , 520 , 521 , 524 , 526 , 527 , 535, 550 , 595 , 596 , 598 , 599 , 606 , 
675;  a  1 pina-51 1,51 3, 581, 600;  a renar ia-511 , 525;  canutus-513;  mar  it ima- 4  91 , 509 , 550 , 596, 60  5, 606 ;  minuta-478, 525, 
536,549,596;  ruficollis-550,600;  submi nut a- 51 1 ;  temminck ii-496,497,536;  tenuirostris-550, 598;  testacea-525, 
542)  (CALLICHROUS  sp-330;  bimacul a t us- 1 95 , 234 ;  pabda-88 , 209 )  (CALLICHTHYS  sp-671)  (CALLIMICIO  qoeldii-775) 

(CALLINECTES  sp-205;  sapidus-594 , 599 , 78 0 )  (CALLIONYMUS  agass i z i i-286 ;  altivel is-227;  I unat us-187 , 231 , 303; 

lyra-111,183,184;  va lenc iennesi-1 87 , 30 1 )  (CALLIOPIUS  sp-193)  (CALLITHRIX  sp-691)  (CALLIURICHTHYS  japonicus- 
330)  (CALLORHINUS  ur sinus-624 , 796 , 802)  (CALLOSCIURUS  caniceps-777;  notatus-776, 777 ;  prevost i i-776 )  (CALLYODON 
sp-52,81,177,207,302)  (CALMO  sp-649)  (CALOCITTA  formosa-577)  (CALOPTERYX  v i rgo- 349 , 362 )  (CALOSPIZA 
cyanocephala-574 )  (CALOTES  sp-361;  cristatellus-417;  marmoratus-417;  nemoricola-417,458;  versicolor-361,416, 
417,418,426,458,459)  (CALOTOMUS  j apon icus-81 , 183 ;  sandvicensis-52)  (CALUROMYS  philander-773)  (CALURUS 
resplendens-669)  (CAMBARELLUS  shufeldti-607)  (CAMBAROIDES  similis-788)  (CAMBARUS  sp-203, 344 , 34 5, 348 , 789; 
ba rtoni-1 38 ;  propinquus-20  3 , 396 , 4  38 , 78 3 ;  puer-203;  virilis-783)  (CAMELUS  sp-770;  bac t r ianus-773, 774 ; 

dromedarius-690)  (CAMPELOMA  sp-66,358;  decisum-518, 519;  rufum-646,780, 785)  (CAMPONOTUS  herculeanus-575; 

pennsylvanicus-575)  (CAMPOSTOMA  sp-185)  (CAMPYLORAMPHUS  t roch i 1  i rost r i s- 579 )  (CAMPYLORHAMPHUS  sp-579) 

(CANACHITES  canadens i s- 521 )  (CANCER  pagur us-598 , 599 )  (CANCROMA  sp-621,639)  (CANIS  sp-574 , 708 , 790 , 800 ;  aureus- 

781,799;  azarae-818;  cancrivorus-671 ;  f ami 1 ia r is- 544 , 602 , 608 , 620 , 621 , 622, 624 , 628 , 629 , 630 , 632, 634 , 635, 636, 645 , 
646,652,689,690,692,693,719,721,730,738,739,740,761,762,763,764,765,766,770,774,779,780,781,783,785,787,788, 
789,790,791,792,793,794,795,796,797,798,799,800,801,802,803,805,807,808,809,811,812,813,815,816,818,819,820, 
821,824;  la t rans-779 , 79 3 , 8 1 9 ;  lupus-788,818;  vulpes-797 , 81 4 )  (CANTHARUS  sp-293;  cantharus- 1 4 4 ;  lineatus-72, 
144;  orbicularis- 72, 95, 144)  (CANTHERINES  sp-92;  guntheri-77;  modest us- 39 , 78 , 1 50 , 303 ;  pardal is-180, 207; 

pullus-1 54 ;  pusiIlus-43;  scaber-150;  setosus-77;  unicornu-144,150)  (CANTHIDERMIS  sp-61)  (CANTHIGASTER  sp-92; 
r i vul ata-I 16)  (CAPELLA  sp-495, 505, 520, 567, 596, 605, 676;  gall inag o-478 , 486 , 488 , 493 , 494 , 496 , 505, 507 , 527 , 531 , 532, 

536,540,544,553,582,584,595,605,606,668,678,682,683,761;  jol itaria-598;  media-486,494,530,531,584;  meqala-478; 
solitaria-524, 547;  stenura-494 , 497 , 527 , 536 , 682)  (CAPITELLA  sp-596)  (CAPOETOBRAMA  sp-222, 653, 660 )  (CAPRA  sp- 
691, 700, 719;  f ircus-697,773;  h i rcus-694 , 699 , 700 , 705, 706 , 712, 71 3, 720, 774 , 775;  indica-712;  sibirica-736) 

(CAPRELLA  s p-300)  (CAPREOLUS  sp-719 , 720 , 722 , 77 3 ;  capreol us-7 17 , 722 ;  pyqarqus-714 , 717 )  (CAPRIMULGUS  sp-524,584; 
asiaticus-586, 591 ;  europaeus-574 , 586 , 590 ;  ind icus-527 , 581 , 589 , 590 ;  ruf icoll is-574 )  (CARABAO  sp-712) 

(CARANGIS  sp-86 )  (CARANGOIDES  sp-96 , 11 5 , 222 , 31 1 ;  ferdau-1 01 , 224 )  (CARANX  sp-83, 107 , 222, 223 , 224 , 226 , 230 , 268 , 
281,282,291,293,303,310,311,326;  aff inis-293;  bartholomaei-1 03. 291 ;  caducum-94;  crysos-179, 223;  equula-83, 90, 
124,126,163,170,223,224,312;  h i ppos-1 25 , 1 26 , 1 27 , 171 , 179 , 22 3 , 232, 321 ;  ignobil is-223;  kalla-76, 121 ;  latus-126; 
lugubris-115,222,292;  lutescens- 1 0 3 , 291 ;  malabaricus-160, 290;  martens-179;  nobil is-233 ;  ruber-88,179,224,337; 
sex  fascia tus- 125, 223,232;  t rachur us-83 , 84 , 94 , 220 , 291 , 306)  (CARAPUS  bermudensis-172)  (CARASSIOPS  sp-652) 

(CARASSIUS  sp-24, 88, 89, 90, 96, 97, 135, 222, 225, 628, 629, 630, 639, 649, 651, 652, 653, 660, 662, 765, 802, 805, 806, 807, 81 6; 

auratus-30 , 88,224,232,540,623.628,630,797,806,809;  carassius - 3 0 , 133, 240 , 245, 630 , 639, 643 , 795, 809, 81 5, 824 ; 

vulqaris-88)  (CARBO  sp-567;  brasil iensis-657;  gracul us-552;  viqua-548 , 633)  (CARCINIDES  sp-596;  maenas-599) 

(CARCINUS  maenas-598 , 606 )  (CARDIUM  sp-97 , 100 , 144 , 232 , 550 ;  edule-1 59, 510 , 51 3, 514 , 550 ;  rusticum-232)  (CARDUELIS 
s p-520, 61 1 )  (CAREPROCTUS  sp-80 , 81 , 1 4 8 , 233 , 300 )  (CARETTA  caretta-38 5 , 387 , 38 8 , 399 , 400 , 401 , 404 , 406 , 420 , 44 3 , 448 , 

451;  ol ivacea-399 , 448 )  (CARIAMA  cristata-571 , 671)  (CARIDINA  denticulata - 1 7 7 )  (CARINOGAMMARUS  sp-193; 

mucronatus-175)  (CARPHIBIS  spinicol 1 is-530, 669)  (CARPIODES  d if formis-98 )  (CARPODACUS  sp-520,521;  mexicanus- 
477;  roseus-580)  (CARRA  rufus-193)  (CASARCA  sp-567, 678;  casarca-524 , 525 ;  f er r uq inea-526 , 541 , 592 , 678 , 679; 
rutila-490, 559)  (CASMERODIUS  sp-566, 632, 672, 673;  albus-508 , 553 , 632, 633, 639, 671 , 673 ;  eqretta-566)  (CASPIALOSA 
sp-279,316;  brashnikovi-74 ;  caspica-74;  kessler i— 7 4 , 305;  pontica-280,306)  (CASS1CULUS  sol i tar i us-532, 535) 

(CASSIDIX  s p-505, 577;  major-577;  mesamexicanus-523;  mexicanus-574, 577)  (CASTOR  sp-792;  canadens is- 7 10, 768; 

fiber-710,739,762,768)  (CATAPHRACTUS  corone-50;  murica-50;  vacu-47)  (CATATROPHORUS  sp-510)  (CATHAICA  ravida- 
774)  (CATHARISTES  sp-540;  foetens-669)  (CATHARTES  sp-540,678;  aura-632;  urubitinga-671)  (CATLA  cat la- 28 , 1 35. 
651)  (CATONOTUS  f 1 abel 1 ar i s-1 4 1 )  (CATOPTROPHORUS  semipalma tus-494 , 508 , 509 , 593 , 596 , 60 3 , 605 )  (CATOSTOMUS  sp-91, 
138,185,222,237,621,661;  commer soni i-89 , 98 , 18 5 , 623 , 650 . 676 . 780 . 795 , 796 , 801 ;  mac roche i 1 us-93 , 141 ; 

occidental  is- 98;  rimiculus-98)  (CATTO  sp-690)  (CAULARCHUS  meandricus-1 91 , 193 )  (CAULOLATI LUS  sp-37, 131, 146, 
311;  a noma 1  us- 3 7 , 80 ;  pr inceps-1 31 )  (CAULOPSETTA  scapha-176)  (CAUSUS  rhombeatus-4 59 )  (CAVIA  sp-719;  arctica- 

504;  cobaya-790)  (CEBIDICHTHYS  sp-169;  violaceus - 3 1 7 )  (CEBUS  albif rons-772;  apella-772;  capuc inus-772 ; 

trivirqatus-751)  (CELESTUS  pleii-448)  (CELEUS  sp-577;  f 1 avescens-574 , 577 )  (CENTRARCHUS  macropterus-90) 
(CENTR1 SCOPS  humerosus-172)  (CENTROCERCUS  sp-516)  (CENTROLOPHUS  niger-318;  pompi 1 i us-1 48 , 195,293) 

(CENTRONOTUS  qlaucus-225)  (CENTROPOMUS  sp-223;  ensi f erus-24 3 ;  pec t ina t us-2 24 , 24 3 ;  undec imal is-1 19 ) 

(CENTROPRISTIS  sp-159,160;  hepatus-1 90;  melanus-303, 320)  (CENTROPUS  monachus-518;  phasianus-531 ;  sinensis-586) 
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( CENTROPYGE  potteri-51)  (CENTROSCOPS  humerosus-180 )  (CBNTROSCYMNUS  coelolepis-67 . 69 )  (CEPAEA  sp-731) 
(CEPHALOPHOLIS  sp-191;  f ul vus-1 6 1 , 187 ;  ur odel us-1 70 )  (CEPHALOPHUS  sp-700)  (CEPHALOPTERUS  ornatus-577) 

( CEPHALOSC YLLI UM  sp-67)  (CEPOLA  sp-293;  r ubescens- 84 , 291 , 298 , 306 ;  schl eqel i-227 , 296 ;  taenia-84)  (CEPPHUS  sp- 
624;  carbo-564 )  (CERASTES  cerastes-463;  cornutus - 4 6 1 )  (CERATACANTHUS  schoepf i i - 32,  1 57 )  (CERATASPIS  sp-290) 
(CERATOPHORA  stodda r t i-4 17 ;  t ennent i i-4 1 7 )  (CERATOPHRYS  cornuta-355)  (CERBERUS  rhynchops-44 5 , 627 )  (CERCHNEIS 
sp-579;  sparverius-579;  tinnunculus-541, 574, 577)  (CERCIBIS  oxycerca-532)  (CERCOCEBUS  sp-770,777)  (CERCOMYS 
s p-691 )  (CERCOPITHECUS  sp-709 , 71 1 , 770 ;  ae th iops-689 , 788 ;  talapoin-773)  (CERDOCYON  thous-772)  (CERIODAPHNIA 
reticulata-357)  (CERITHIDEA  sp-811;  ca]  i f o rnica-489 , 509 , 549 , 551 , 608 , 628 , 637 . 646 , 806 , 807 . 8 1 5 ;  costa ta-51 1 , 51 4 , 
551;  scalariformis-477,510)  (CERITHIUM  sp-64 , 632, 81 1 ;  1 i ttoratum-64 ,213;  muscaruro-646;  mutabile-205;  ornata- 
551;  ornatum-509;  penthusarus-65;  var iabile-42)  (CERRANUS  sp-188)  (CERTHIA  f amil iaris-520 )  (CERV1CAPRA  sp-713) 
(CERVOULA  picta-773)  (CERVUS  sp-720,722;  canadens  i  s-7 1 4 , 771 ,-  d ichotomus-485 , 700, 711 ;  nippon-705, 717 )  (CERYLE 
sp-567;  alcyon-664 ;  amazonica-564;  luqubris-665,666;  rud is- 542, 601, 665, 666, 667, 686;  tor qua ta- 546 , 564,667) 
(CHAENOBRYTTUS  sp-138,199;  co ronar i us-633 ;  qulosus-49 , 88 , 1 29 , 1 38 , 638 )  (CHAENOGOBIUS  sp-240 , 54 4 , 636 , 800 , 802, 
824;  annular is-1 38, 176, 299;  castanea-808;  macrognathos-330;  macrostomus-97 ;  uro taenia-299 , 808 )  (CHAEREPHON 
1 imbatus-758 )  (CHAETODIPTERUS  f aber-32, 38 , 83 , 129 , 156, 160 , 303;  1 ippei-1 00, 335)  (CHAETODON  sp-52, 79 , 108 , 311 ; 
auriga-108;  awuga-103;  bimaculatus-315;  capi stratus-1 08, 156;  collaris-75,82;  corall icola-51 ;  f rembl i i-25, 42 , 
51,108,302,309;  lunula-108;  miliaris-25,45,51,108,309;  multicinctus-51;  ocellatus-108, 156;  striqang ulus-7 5; 
trifasciatus-75)  (CHAETODONTOPLUS  septentrional is-1 08)  (CHAETOGASTER  1 imnaei-98, 488 )  (CHALCALBURNUS  sp-97, 
222,653,660,662;  chalcoides - 3 3 6 , 6 3 2 )  (CHALCIDES  ocel latus-449 , 457 )  (CHALCINUS  paranensis-30, 162)  (CHALINURA 
sp-180;  filifera-159,160,297;  occidental is-175;  pectoral is-282, 297;  ser rul a-1 59 , 160 )  (CHAMAELEO  sp-361,369, 
409,417,420,421,446,449,456,457,458;  bitaeniatus-409;  boettqeri-456;  bras i 1 icus-357 ,420,457;  brevicornis-426; 
chamaeleon-457 ;  dilepis-420;  f uelleborni-409;  gracilis-361,446,449,457,458;  lateralis-412,416,456; 
oustaleti-412,421,456,458;  pardal is-4 16 , 456 ;  verrucosus - 4 1 2, 416 , 456, 458;  vulgar is-369 , 370 , 420 ;  zeylanicus- 
366,409,418,420,457)  (CHAMAEPETES  unicolor-610)  (CHAMPSE  porosa-467;  vulgar i s-462)  (CHANNA  sp-330 , 623 , 802 ; 
marul ius-641;  punctatus-286 , 64 2;  str iatus-67 , 640)  (CHANOS  chanos-211 , 225, 284 , 285)  (CHAOBORUS  c rystal 1 inus- 
524)  (CHARADRIUS  ££-505,516,520,526,595,596,598,599,605,606;  a  1 exand r i nus-499 , 551 ;  apr ica r i us-676;  dominicus- 
508,551,597,599;  dubius-494, 497, 499, 550, 570, 574;  fulvus-551;  h iat icula-489 , 497 , 505, 51 1 , 594 , 596, 597 , 606, 610; 
melodus-603;  monqolus-595,605,606,634;  placidus-501;  pulvial is-675;  seroipalmatus-606;  wilsonia-489,511,551, 
596,607,608,609)  (CHARAX  puntazzo-1 33)  (CHASCANOPSETTA  raptator-282)  (CHASMAGNATHUS  sp-608 , 78 3 , 790 ;  convexa- 
789)  (CHATOESSUS  nasus-76)  (CHAULELLASMUS  s t r epe r us- 4 98 )  (CHAUNA  torquata-490)  (CHAUNAX  f imbr ia t us- 282, 31 5 ; 
nutting i-282, 298, 315)  (CHEETAH  sp-712)  (CHEILICHTHYS  sp-155;  annulatus-26, 37 , 61 )  (CHEILINUS  un i fasc iatus-176) 
(CHEILIO  inermis-81, 315)  (CHEILODACTYLUS  spectabil is-298)  (CHEIROMELES  to rqua t us-7 50 , 7 53 , 758 )  (CHELA  baila- 
188;  gora-188)  (CHELIDON  sp-524;  urbica-527 , 575, 577 , 587 )  (CHELIDONICHTHYS  kurou-115,124,184,190,295) 
(CHELIDOPERCA  h i r und inacea-1 80 )  (CHELON  troschel  i-65)  (CHELONE  imbricata-406, 420;  japonica-383, 391 , 402, 403, 
404,405,406;  mydas-383, 384 , 385, 388 , 390 , 391 , 392, 395, 397 , 399, 401 , 402, 403 , 404 . 405, 406, 407 , 420 , 427 , 44 3, 448 , 451 ; 
vi rid is-391 )  (CHELOPUS  sp-440;  guttatus-441 ;  insculptus-381 , 44 1 )  (CHELYDRA  serpent ina- 379 , 381 , 382, 387 , 391 , 
396,407,410,438,440,441,442,449,450,469)  (CHELYS  f imbr iata-394 , 444 )  (CHEN  sp-486;  caerulescens-490; 
hyperborea-487 )  (CHENALOPEX  jubatus-532)  (CHENOPSIS  sp-486;  a trata-500, 535, 679, 680 )  (CHERAX  sp-739) 
(CHETTUSIA  s p-505)  (CHILOMYCTERUS  sp-155;  af £  inis- 54 , 55 , 56 , 57 ;  schoepf i-1 55, 326)  (CHILONYCTERIS  rubiginosa- 
749)  (CHI LOSC YLLIUM  i nd icum-8 6 , 87 , 1 92 )  (CHILTONIA  sp-739)  (CHIMAERA  monstrosa-26 , 196 )  (CHIONIS  alba-486,490) 
(CHIROCENTRUS  do rab-1 21 , 127 , 301 )  (CHIROLEPTES  br ev i palmat us-372 )  (CHIROLOPHIS  sp-287)  (CHIRONECTES  sp-769; 
minimus-769;  panamensis-793)  (CHIRONEMUS  spectabil is-287)  (CHIRONIUS  carinatus-418, 429, 430)  (CHIRONOMUS  sp- 
369,524,526,740;  dorsal is-740 ;  plumosus-527 , 753 ;  r ipar ius-526;  thummi-524)  (CHIROXIPHIA  caudata-579)  (CHITRA 
indica-424 )  (CHLAMYDOSELACHUS  angui neus-67 )  (CHLIDONIAS  sp-478 , 479 , 505, 506 , 548 , 554 , 61 2 , 640 , 649 , 650 , 766 ; 
hybr ida-505, 625;  leucopareia-652;  leucopterus-524 , 534 , 596, 613, 620;  nig ra-505, 526 , 652, 677 )  (CHLOEON  sp-373) 
(CHLORICHTHYS  bi f asc iatus-1 89 )  (CHLORIS  sp-517;  sinica-579)  (CHLOROCERYLE  amazona-667)  (CHLOROPHTHALMUS 
albatrosis-180,282;  chalyboeus-226;  trunculentus-282)  (CHLOROSCOMBRUS  sp-224;  chrysur us-83 , 84 , 148 , 195, 232, 
292)  (CHOANOMPHALUS  anophal us-697 )  (CHOERODON  albiqena-198;  •anchoraqo-184;  azur io-183 , 185)  (CHONDROSTOMA  sp- 
88,133,173,197,222,649,660;  nasus-134)  (CHORDEILES  minor-584)  (CHORINEMUS  moadetta-230)  ( CHRIONEMA  chryseres- 
227)  (CHRISTOVOMER  sp-138)  (CHRQICOCEPHALUS  sp-505)  (CHRYSEMYS  sp-203,381;  bel 1 i i- 38 1 , 407 , 4 38 , 4 4 0 ;  elegans- 
440;  marg inata-379, 440;  mydas-381 ;  ornata-391, 397 , 441 ;  picta-381 , 382, 410 , 440 , 442 ;  serpentina - 4 4 0 ) 
(CHRYSICHTHYS  f urcat us-2 1 3 ;  k ingsleya-639 ;  nigrod ig i tatus-246)  (CHRYSOLOPHUS  picta-498)  (CHRYSOHMA  sinensis- 
507)  (CHRYSOPHRYS  aur ata-95 , 134 , 184 , 1 94 , 21 4  ;  berda-226;  bi f asc iata-79 , 80 , 293;  datnia-294;  lineata-95) 
(CHTHONERPETON  i nd i st inct um-3 55 )  (CICHLASOMA  sp-129;  mayorum-129)  (CICHLAURUS  facetus-90)  (CICONIA  sp-479,621, 
630,649,662,672,801;  alba-543,563,584;  americana-639;  c iconia-543 , 544 , 549 , 554 , 563, 564 , 584 , 592 , 645, 663;  niqra- 
543,563,564,592,663)  (CINCLUS  mexicanus-585, 589;  pallasi-575, 585, 610)  (CINIXYS  bell iana-448 )  (CINNYRIS 
zeylanicus-546)  (CINOSTERNUM  scorpioides-468)  (CIONELA  lubrica-574)  (CIRCAETUS  sp-546,670;  ferox-657; 
gall icus-546, 578, 620, 658, 799)  (CIRCUS  sp-567 , 616 , 617 , 630 , 649 , 658 , 669, 670 , 673 , 674 , 675, 685;  aeruqinosus-508, 
509,544, 576,578,614,616,646,650,658,662,663,674,815;  cinereus - 6 1 4 ;  cyaneus-528 , 546, 57  3, 614 , 655, 658 , 669, 674 ,- 
macrourus-544,655,657,658;  melanoleucus-536, 544 , 570, 61 3, 614 , 808 ;  pyqargus-652;  rufus-617)  (CIRRHINA 
fulungel-44;  mirgala-794)  (CIRRHITUS  al ternatus-246 , 309;  r i vulatus-238 , 243, 302)  (CISTUDO  carol ina-442; 
lutar ia-4 4 1 )  (CITELLUS  sp-739, 770;  erythroqenys-740,796;  monqolicus-672;  musicus-525, 7  38 ;  pyqmaeus-761 ; 
relictus-731)  (CITHARICHTHYS  cornutus-227;  sordidus - 3 2 1 )  (CITHARINUS  citharus-44)  (CITULA  dorsalis-88,99,106, 
223)  (CLANGULA  ££-486,498,502,513,559,562,595,623,678;  clangula-491 , 560;  h istr ionica-491 , 595;  hyemal is-489 , 
504,512,513,557,594,607,612,643,659,679)  (CLARIAS  sp-330 , 628 , 629 , 64 1 , 802 , 806 ;  anqolense-641;  batrachus-140, 
176,200,206,208,425,641;  f uscus-802, 806 , 807;  lazera-24 , 47,140,641;  magur-140;  me 11 and i-1 40, 208;  mossambicus- 
134,140,424;  senegalens is-206 )  (CLAUDIUS  anqustatus-469)  (CLEISTHENES  sp-72, 113, 116, 187)  (CLEMMYS  caspica-442, 
450,632;  guttata-442;  insculpta-380 , 391 ;  japonica-440 , 44 1 ;  leprosa-441 , 442;  marmorata - 3 9 6 , 440 , 44 2)  (CLEOPATRA 
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sp-763;  bulimoides-645,704,799,805)  (CLETHRIONOMYS  sp-730,818;  q la reolus-71 5 , 74 9 , 7 52 , 772 ;  rufocanus- 7 7 2 ) 

(CLI NOCARD I UM  sp-102)  (CLINOCOTTUS  anal  is- 1 69 , 176 , 191 , 288 )  (CLOELIA  f asciata-440)  (CLUPANODON 

pseud oh i span icus-1 48 , 282,291)  (CLUPEA  sp-1 75, 225 , 280 , 286, 305, 649;  alosa-279;  aurita-306;  clupeoides-282. 326; 
hare ng us- 74, 148, 222, 280, 281, 305, 316;  i 1 isha-74 , 291 , 305, 306;  long ipes-317;  melanostoma-290, 305;  pilchardus- 
280,306,316;  sardina-280;  sprattus-222, 280, 306)  (CLUPEONELLA  sp-74;  del icatula-305, 306 )  (CLUPISOMA  qarua-140) 
(COBITIS  sp-117,222,240,649,660;  biwae-97 , 24 5;  fossil  is-1 35;  taenia-616,644)  (COBUS  sp-698 , 700, 710 ;  defassa- 
697;  lechwe-692;  maria-713;  vardoni-692 , 701 )  (COCCOTHRAUSTES  sp-517;  coccothraustes-506, 516, 521, 573) 

(COCHLEAR I  US  cochl ea r i us-629 , 67 3 )  (COELOPELTIS  monospessul ana-4  4 9 )  (COELORHYNCHUS  sp-159, 286, 297;  austral is- 

159,227,297;  ca rm i na tus-78 , 1 59 , 17 5 , 180 , 297 )  (COENAGRION  sp-370;  hastul a tum-351 , 526 )  (COILIA  sp-621)  (COLOBUS 
rufomitratus-771)  (COLOEUS  sp-506, 517 , 520 , 526, 567 , 575, 581 ;  monedula-526 , 573 , 644 )  (COLOLABIS  saira-78) 

(COLOSSOMA  sp-46;  bidens-50;  brachypoma-49)  (COLUBER  sp-4 29 , 437 , 471 ;  constrictor-432,434,436;  f laviventris- 
440;  gemonensis-414 ,426,434;  h ippoc repi s-4  61 ;  murorum-426;  natrix-440;  ol ivaceus-446)  (COLUMBA  sp-478 , 48  2 , 484 , 
516,517,534,536,537,568,621,623,67  5,801,803,80  5;  domest ica-518 , 601 ;  1 iu ia-477 , 505, 507 , 516 , 517 , 520 , 533, 536, 540 , 
559,634,651,672,673,680;  rufina-516)  (COLUMBIGALLINA  talpacoti-506, 516)  (COLYMBUS  sp-479, 534 , 537 , 548 , 567 , 621 , 
649,651,676,685,766,803;  a  ret icus-391 , 504 , 620, 624 , 630, 634 , 650 , 680 , 809 , 812 ;  asiaticus-663;  aur i tus-504 , 541 , 545; 
caspicus-541,544,545,546;  cr istatus-504 , 508 , 541 , 544 , 545, 546 , 634 ;  dominicus-538 , 650 ;  qr iseiqena-541 , 544 , 54 5 , 
546,623;  immer-650, 67  6 ;  n ig  r  icans-541 ;  niqricollis-541,544;  ruf icoll is-544 ;  rufogularis-623,677; 
septentrional is-6 17;  s tel lat us-546 , 61 2 , 650 , 677 )  (COMPLECTA  sp-621)  (CONDYLURA  cristata-732)  (CONGER  sp-64, 
175,183,184,189,190,230,280,282,309;  c inereus-121 , 227 , 310 , 312 , 320 ;  conger-126,227,309,310;  marq inatus-1 21 , 311 , 
312,320;  myriaster-227,230,231,295,320;  nystromi-315;  vulgar is-231 )  (CONIOPHANES  quinquevittatus-429) 

(CONNOCHAETUS  taurinus - 6 9 2 )  (CONOCOPHALUS  maculatus - 7 7 4 )  (CONRANA  sp-361)  (CONSTRICTOR  constrictor-418,432) 
(CONTIA  aestiva-360,448)  (CONTOPUS  virens-590)  (CONUS  sp-144)  (CORACIAS  sp-520,539;  qa r r ul us-581 , 67 1 ) 
(CORACINA  sp-506;  cinerea-579)  (CORAGYPS  sp-540;  atratus-578 , 671 ;  striatus-540)  (CORBICULA  javanica-761 
1  indoe ns  is- 761;  rivalis-761)  (CORBICULINA  sp-535)  (CORCORAX  melanorhamphus-520)  (CORDULIA  sp-370 , 567 , 568 
aenea-567, 569)  (COREGONUS  sp-89 , 138 , 222, 286, 305, 649 , 662 ;  albula-358 , 438 ;  clupeaformis-89;  lavaretus-358 , 438 
ussuriensis-779;  wi 1 1 iamsoni-1 39)  (COREOPERCA  sp-765,809)  (CORETHRA  sp-353)  (CORETUS  sp-479, 532;  corneus-349, 
357,428,486,531,534,535,663,678,697,722)  (CORIDODAX  pullus-25)  (CORIS  sp-79;  j ul is-79 , 100 , 101)  (CORMORANT  sp- 
632,644)  (CORONE  corone-582;  insolens-577)  (CORONELLA  sp-818)  (COROSOMA  thrissa-306)  (CORPAENA  quttata-223) 
(CORVINA  sp-310;  n iq ra-205 , 21 4 , 21 5)  (CORVUS  sp-480 , 485 , 505 , 506 , 507 , 516 , 520 , 526 , 558 , 567 , 572 , 58 1 , 590 , 61 1 , 644 , 
671,761;  albus-671 ;  amer icanus-61 5;  brachyrhynchos-545,568,574,577;  caryocatactes-516,520,685;  corax-524, 533, 
671;  cornix-507, 508, 509, 524, 533, 568, 570, 57 3, 581, 58 2, 658, 67 1,68 5;  co rone-480, 498, 505, 516, 517, 525, 526, 531, 547, 
548,567,572,573,582,586,591,656,671;  coronoides-480 , 643 ;  f rug ilequs-516, 524 , 526, 532, 567 , 579, 580 , 581 , 656; 
glandarius-516;  insolens-546,549,575;  larus-548;  levaillantii-531,547;  macro r hynchus-547 , 658 ;  monedula-522, 
567,579,581;  ossif raqus-615;  scapulatus-584 , 670 ;  splendens-532, 546, 568 , 574 , 617 , 644 )  (CORYDALIS  sp-358,669) 

(CORYPHAENA  sp-1 24 , 1 91 , 31 1 , 324 ;  equisetis-290;  h ippurus-61 , 124 , 290 , 323 , 324 , 325)  (CORYPHAENOIDES  sp-159, 160, 

183;  garmani-296)  (COSMETIRA  sp-148)  (COTTOCOMEPHORUS  qrewinqki-138)  (COTTUNCULUS  sp-23 , 125, 286 ;  microps-81) 
(COTTUS  ££-88,135,138,190,194,280,286,305,662;  ba irdi i-89 , 91 , 226, 462 , 645 ;  bubalis-625;  qobio-90, 139, 174, 183, 
286,678,679;  kner i-1 38 , 194 ;  perplexus-779;  poecilopus-90,174;  pollux-679;  scorpius-70,124,126,148,193,230,281, 
300,624,625,805)  (COTURNIX  sp-516 , 518 , 520 , 567 , 617 , 621 , 781 ;  communis- 52 4, 582;  coturnix-507 , 530, 570 , 573, 575, 578 , 
582)  (COTYLE  sp-524;  r ipar ia-573 , 574 , 57 5 )  (COUA  reynaud i i-657 )  (COVETTICTIS  civetta-788)  (COYPU  sp-719) 
(CRANGON  crangon-605;  f ormosum-1 91 )  (CRANOGLANIS  mul t i rad iatus-90 )  (CRASSOSTREA  v i rg inica- 551 ) 

(CRATEROCEPHALUS  sp-652)  (CRATINUS  agassizi-286)  (CRAX  sp-582;  nigra-581)  (CREAGRUTUS  sp-244)  (CRECISCUS  sp- 
531;  virid is-532)  (CREISSON  sp-807)  (CRENICICHLA  sp-244;  geayi-1 29 , 375 )  (CRENILABRUS  sp-89 , 11 2, 190 ;  qriseus- 

79,88,183;  massa-231, 309;  melops-186, 192;  pa vo-79, 88 ,112,146,183;  quinquemacularus-183;  tinca-185) 
(CRENIMUGIL  sp-65)  (CREPIDULA  convexa-43;  fornicata-550)  (CREX  sp-516, 520 , 526, 567 , 575, 650 ;  crex-582, 619; 
pratensis-521 )  (CRICETOMYS  s p-692)  (CRICETULUS  triton-821)  (CRICETUS  sp-738;  auratus-691 , 731 , 820 )  (CRIMATA 

elegans-119;  platana-35)  (CRINIA  sp-535)  (CRIODRILUS  lacuum-541)  (CRISTARIA  sp-486)  (CROCETHIA  sp-598,599; 
alba- 594, 596, 599,603,606,617)  (CROCIDURA  sp-658 , 7 34 , 8 18 ;  caerulea-742;  lasiura-740;  mimula-426;  murina-690; 

occidentalis-741,775;  olivieri-781,815;  russula-730,771;  suaveolens-786)  (CROCODILUS  sp-465,466;  acutus-443. 


444,465; 

472,473; 


cataphract us-462, 467;  johnstoni-444;  morelet t i i-468 , 470;  n i loticus-428 , 444 , 452 , 454 , 456, 462, 466, 467 , 
palustr is-465;  porosus-398 , 443 , 444 , 462, 466;  sclerops-469;  s iamensis-454 , 467 ;  vulqaris-467) 


(CROCOTHEMIS  sp-457;  se rv il ia-369 )  (CROSSARCHUS  obscurus-788 )  (CROTOPHAGA  sp-531 , 546 , 577 ;  an i- 533 , 578 , 586 , 657 ; 
major-531,533,657;  sulci rostr is-586)  (CRUS  sp-479)  (CRYPTACANTHODES  sp-124,286;  maculatus- 126) 
(CRYPTOBRANCHUS  al leg aniens is- 3 56 , 440 ;  japonicus-372)  (CRYPTOGLAUX  f unerea-668)  (CRYPTOMUS  auropunctatus-42) 
(CRYPTURELLUS  tataupa-505)  ( CRYPT URUS  obsoletus-516;  varieqatus-516)  (CTENOCHAETUS  striqosus-42)  (CTENOLABRUS 
s p-189)  (CTENOPHARYNGODON  sp-30 , 649 , 802, 816;  idel lus-24 , 25 , 46 , 794 , 806 )  (CTENOPHORA  sp-148)  (CTENOPOMA 
kingslayae-89)  (CUCULUS  sp-526,567;  canorus-524 , 527 , 573 , 57 5 ;  optatus-520, 575, 590)  (CULEX  sp-349;  pipiens-356, 
524)  (CULICOIDES  sp-526;  nebecul osus-526 ;  stiqma-526)  (CULTER  sp-30;  br ev i caud a-89 )  (CUMINGIA  tel 1 ino ides-9 5 , 
550)  (CUNCUMA  voc i f e r-553 , 658 , 669 )  (CUON  dukhunensis - 7 0 8 )  (CURIMATUS  sp-244)  (CYANOCITTA  sp-582, 611; 
cristata-520,574,579,580)  (CYANOCORAX  sp-546, 577, 579;  chrysops-506, 579;  cyanomelas-506, 579)  (CYANOPICA  sp- 
506;  cyana-536 , 573,586)  (CYBISTER  sp-370, 373)  (CYBIUM  sp-23~2;  coreanum-232)  (CYCLAGRAS  q igas-415 , 416 , 421 , 429 ) 
(CYCLANORBIS  senegalensis-413)  (CYCLAS  sp-344,536;  cornea-550)  (CYCLEMYS  amboinensis-382,394,395,407,412,440; 
dentata-394,408,424,441)  (CYCLOCHEILICHTHYS  sp-793)  (CYCLOPS  sp-280 , 299 , 362 ;  serrulatus- 3 6 3 ;  vernal is-363; 
vulgar  is- 280, 362, 36 3)  (CYCLOPTERUS  sp-280, 305;  lumpus-1 94 , 300 , 3 1 4 )  (CYCLORHYNCHUS  ps i t tacul a-61 2 ) 
(CYCLOSTOMA  elegans-731)  (CYGNOPSIS  sp-507)  (CYGNUS  sp-4 79 , 486 , 502 , 536 , 537 , 560 , 562 , 567 , 59 2 , 617 , 67 5 , 678 ; 
bewicki i-482,487,488,531;  buccinator-592;  cyqnus-489 , 490 ;  olor-482, 489 , 490 , 503 , 508 , 531 , 532, 557 , 560 , 677, 679, 
680)  (CYMATOGASTER  sp-105,305;  aggreqa tus-8 5 , 109 , 1 1 1 )  (CYMBIUM  quttatum-223)  (CYNCHRAMUS  schoen icl us- 527 ) 
(CYNIAS  canis-325)  (CYNOGLOSSUS  cana r iens i s-1 03 ;  qoreensis-100, 103, 335;  senega lens is-1 00, 103)  (CYNOMOLGUS  sp- 
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709)  (CYNOPOLI US  cyanus-493)  (CYNOPOTAMUS  hume ra 1  is-298 )  (CYNOSCION  sp-85 , 1 25 . 1 4 4 . 1 55 . 17 5 ;  a rena r ius-26 . 20 5 . 
222;  leiarchus-90;  macrognathus-180,336;  macro zona t us-205;  nebulosus-26,125,205,222,232,322;  nobi  1 is-205; 
parvipinnis-205 ;  regal  is-1 84 , 20 5, 29 5 )  (CYPRIDOPSIS  vidua-363)  (CYPRINODON  sp-631;  vari eg at us- 6 3 2. 63  3, 812) 
(CYPRINUS  sp-24, 89, 96, 97, 138, 222, 303, 620, 623, 629, 639, 649, 653, 660, 662, 685 ,802, 805, 806 ,816;  ca r pi o- 2 4 , 30 , 97 , 1 3 3 , 
134,138,141,628,630,658,779,800,801,806,807,809,812,815;  erthrophthalmus-197)  (CYPSANUS  beta-320)  (CYPSELURUS 
sp-276;  agoo-260;  bahiensis-1 27 ;  spilonotopterus-11,114,115,260,268,276)  (CYPSELUS  sp-524;  apus-581 ;  melba- 
572)  (CYSTIGNATHUS  ocellata-355)  (CYTTUS  austral  is- 180, 185, 294, 29 5) 

(DACELO  gigas-601,652,670)  (DACNIS  cayana-574)  (DACTYLOPAGRUS  macropterus-26 , 18 3 , 287 )  (DACTYLOPTERUS  sp- 
311;  oriental is-1 7, 17 0,310;  vol i tans-293 )  (DACTYLOSARGUS  a rc t idens- 55 )  (DAFILA  sp-479 , 48 6 , 487 , 503 , 562 , 67 6 , 7 1 5; 
acuta- 482,486,488,489,498,503;  aurita-603;  bahamensis-596 , 606 )  (DAICOCUS  peterseni-170)  (DALATIAS  licha-67) 
(DAMAL1SCUS  sp-700,713)  (DAMPIERIA  hel lmuth i-1 46 , 179 )  (DAPHNIA  sp-739;  magna-357;  pulex-137)  (DASCYLLUS  sp- 
311;  albisella-144;  aruanus-302;  maculatus-302)  (DASYATIS  americana-87;  brevis-92;  kuhlii-87;  sabina-87; 
sephen-87;  uarnak-87)  (DASYCOTTUS  se tiger-1 25, 28  6 , 288 )  (DASYLOPHUS  supercil iosus-520)  (DASYMYS  sp-692; 
helukus-691 )  (DASYPROCTA  sp-691;  agouti-691,701,710)  (DASYPTERUS  £lor idanus-754 , 755)  (DASYPUS  novemcinctus- 
775)  (DASYURUS  v i ver r i nus-7 30 , 767 )  (DECAPTERUS  sp-107 , 163 , 17 5, 290 , 291 , 31 1 ;  macarel lus-1 02, 180 , 222 ;  maruadsi- 
104,163,276,292;  pinnulatus-83, 95, 104 , 163 , 179;  rhonchus-84;  russelli-84)  (DECODON  puellaris-115, 158, 183) 
(DEIELIA  phaon-351)  (DEIROCHELYS  r e t icul a r ia-4 4 0 )  (DELICHON  sp-581,611;  urbica-586 , 587 , 591 )  (DELPHINAPTERUS 
leucas-726,727)  (DELPHINUS  sp-732;  delphis-719, 725 , 726, 729 , 805 , 816;  dusumieri-795;  long  i rostr is-7  26 , 728 ; 
tacushi-793;  tursio-728)  (DEMIEGRETTA  asha-639 , 641 )  (DENDROCALAPTES  scandens-517)  (DENDR OCHIRUS 
brachypterus-176;  £ilifer-176)  (DENDROCITTA  vaqabunda-628 )  (DENDROCOELUM  sp-96;  lacteum-369)  (DENDROCOPUS 
sp-506, 520,526;  leuconotus -  5 8 2 ;  major-524,527,590)  (DENDROCYGNA  sp-502;  javanica-540, 541;  viduata-532, 614) 
(DENDRODRYAS  sp-340)  (DENDROICA  sp-520;  magnolia-523;  pennsylvanica-480)  (DENDROMAS  sp-520)  (DENDROMUS 
pumili 0-661, 755)  (DENISONIA  superba-419)  (DENTALI UM  alternans-325)  (DENTEX  dentex-186, 220;  vulqaris-56, 213, 
214,241,320)  (DERMATEMYS  mawi i-392 , 39 3 , 394 , 397 , 406 , 4 50 )  (DERMOPH IS  mex icanus-4 4 1 )  (DEROCERAS  sp-360, 574 , 732; 
la eve- 574, 57 7, 58 0,731, 732, 734;  reticulatum-574, 580)  (DESMANA  moschata-742, 814 , 818 )  (DESMOGNATHUS  sp-342,359, 
360,803;  £usca-341 , 342,346,347,360,374;  phoca-359 , 374 ;  quadrimaculata-359,374)  (DIABROTICA  duodec impunctata- 
574)  (DIACOPE  sp-188,295;  ful v i £1 amma-1 83 ;  metal  1 icus-280 )  (DIADOPHIS  punctatus-4 34 )  (DIAGRAMMA  sp-104,195; 
cinctum-192)  (DIAPTERUS  ol isthostomus-288;  rhombeus - 1 2 9 )  (DIBRANCHUS  atlanticus-298 )  (DICAMPTODON  ensatus- 
341,342,347,365,779,804)  (DICERUS  simus-704)  (DICHOCEROS  bicorn is-6 56 )  (DICOTYLES  a  1 bi rost r is-7 1 0 ;  labiatus- 
710;  pecar i-710;  torquatus-703, 710)  (DICROGLOSSUS  sp-341,361;  occ ipi tal is-357 )  (DICROSTONYX  qroenlandicus-731) 
(DICRURUS  bracteatus-52, 56;  macrocercus - 5 4 8 , 585, 590)  (DICTYCHUS  sp-649)  (DIDELPHYS  sp-203 , 691 , 69  3 , 762, 769, 818 , 
822;  aurita-783,823;  aur itus-603, 731;  cancrivor us-769;  carcinophaga-769;  marsupialis- 603, 738,769,771, 776, 781, 
788,789,793,813,822,823;  mesamer icana-769 , 790 ;  myosurus-769;  nud icaudata-769;  palmata-769;  paraquayensis-691 ; 
guica-769;  vi rg iniana-646 , 73 1 , 732 , 76 1 , 769 , 776 , 788 , 81 7 , 8 20 )  (DIEMYCTYLUS  sp-761;  pyrrhoqaster-88, 361; 
viridescens-358,359)  (DIODON  sp-61,155;  holacanthus-54, 55, 326;  hys tr ix-54 , 61 , 150, 204 , 326 )  (DIOHEDEA 
melanophrys-632)  (DIPLACANTHOPOHA  brachysoma-72 , 298 )  (DIPLECTRUM  £ormosum-320)  (DIPLODUS  annularis-285; 
holbrooki i-183;  sargus-95)  (DIPTYCHUS  dybowski i-1 34 ;  maculatus-1 34 )  (DISCOGLOSSUS  pictus-374 , 461 ) 
(DISCOGNATHUS  sp-800,809)  (DISCUS  al ternatus-7 32;  cronkhitesi-574)  (DISSOURA  episcopus-55, 58 , 663 , 670, 686 ) 
(DISTEIRA  sp-447)  (DISTICHODUS  1 usosso-216 ;  niloticus-47 )  (DITREMA  temmi nek i-1 25 , 126 , 176 , 177 , 187 ) 
(DOEDERLEINIA  be ryco ides-1 1 4 )  (DOGANIA  subplana-386 , 4 24 )  (DONAX  s p-144, 232;  gouldi-105;  var iab il is-223, 515 ; 
vittatus-73,514)  (DORAS  sp-46,47;  costatus-50;  granulosus-50)  (DORCELAPHUS  sp-485)  (DORMITATOR  sp-49) 
(DOROSOMA  chacunda-306;  thrissa-185, 621)  (DRACO  volans-4 18)  (DREISSENA  sp-536;  polymorpha-88 , 89 , 90)  (DREPANE 
punctata- 58, 336)  (DREPANOPSETTA  pi  a tesso ides-70 )  (DROMAS  ardeola-549)  (DRYMARCHON  cora is-44 , 417 , 434 , 435, 465) 
(DRYMOBIUS  bi fossa t us-4 29 ,470;  ma rgar i ti fer us-43 )  (DRYOBATES  sp-516, 517, 520, 567, 574;  leucotos- 5 1 6 ;  major-516, 
517,526;  medius-527;  vil losus-521 )  (DRYOCOPUS  sp-658;  leucotos-527;  major-527;  martius-527)  (DRYOMYS 
ni tedula-730, 739,744,776)  (DRYOPHIS  myc ter izans-444 , 455 )  (DRYOPHYLAX  pallidus-429)  (DUGESIA  tiqrinum-66) 
(DUG PNG  dugong-71 0,723, 724)  (DUMETELLA  carol  inensis-493 , 498 )  (DUSSUMIERIA  acuta-625)  (DUYMAERIA  £ lagel 1 i fera- 
305)  (DYTISCUS  sp-135,367;  ma rq inal is-369 ) 

(EBU  sp-719)  (ECHENEIS  sp-282;  naucrates-122, 151 ;  remora-151)  (ECHIDNA  catenata - 1 0 2 )  (ECHINOGAMMARUS  sp- 
174)  (ECHINORHINUS  sp-67;  brucus-67;  spinosus-67)  (EGRETTA  sp-544 , 546 , 628 , 639 , 640 , 662 , 672 , 680 , 68 5 , 809 ;  alba- 
539,544,545,554,555,615,660,672;  dimorpha-686;  gar ze tta-555, 61 3, 61 5, 640 , 650 , 654 , 659 , 669 , 67 3, 681 ;  intermedia- 
544,622,629,630,802)  (E LAG AT IS  s p-291 ;  bipinnul a tus-1 15 , 125, 126 )  (ELANOIDES  forf icatus-669)  (ELAPHE  sp-822; 
cl imacophora-426, 471;  dione-411,426,472;  helena-444;  obsoleta-433;  quad  r ivi rqata-418 , 425,426,448,471; 
rufodorsata-426)  (ELAPHIS  sauromates-434)  (ELAPHOTOXON  ruber-124,125)  (ELAPS  sp-437)  (ELEGINOPS  maclovinus- 
95,108,286,292)  (ELEGINUS  sp-1 59 , 280 , 287 , 300 , 30 5 ;  qracil  is-171 )  (ELEOTRAGUS  sp-710)  (ELEPHANTULUS  rozeti-776) 
(ELEPHAS  africanus-714,722;  ind icus-702, 708 , 709 , 720;  max imus-702, 704 , 720 )  (ELEUTHERONEMA  sp-807)  (ELIOC HARIS 
tuberosa-721)  (ELIOMYS  sp-731;  quercinus-730)  (ELLIPTIO  d ilatatus-226)  (ELOPICHTHYS  bambusa - 2 2 5 , 2 3 4 )  (ELOPS 
sp-281)  (ELOSIA  nasus-346, 372)  (EMBALLONURA  sem icaud a ta-753 , 754 , 756 )  (EMBERIZA  sp-506 , 517 , 520 , 524 , 61 1 , 719; 
bruniceps-574;  sulphurata-478;  variabil is- 506, 573, 575)  (EMBIOTICA  sp-191;  jacksoni-105, 11 1 , 124 ;  lateral is- 
111)  (EMERITA  analoga-593,596,599)  (EMMELICHTHYS  sp-118,282)  (EMOIA  nigra-418;  samoensis-418)  (EMOZAMIA 
£1 indersi-510)  (EMPIDONOMUS  aurantioatrocri status- 580)  (EMYDA  q ranosa-413 , 424 ;  scutata-413, 459;  sinensis-413) 

( EM YDOIDES  bland i ng i-4 4 2 )  (EMYDURA  austral is-423;  latisternum-423, 460)  (EMYS  sp-203;  bland  ing i i-381 , 438 ; 
orbicularis- 340, 38 2, 424, 441, 442, 450;  palustr is-394 )  (ENA  obscura-770)  (ENALLAGMA  sp-344,347)  (ENCHELYOPUS 
cimbrius-122)  (ENDOPHRYS  bison-193)  (ENGRAULIS  sp-223;  encrasichol us-73, 74 , 1 26, 280 , 303, 305, 306;  japonicus- 
149,283)  (ENGYOPHRYS  sp-160)  (ENHYDRA  1 ut r is-727 , 781 , 796 , 802)  (ENHYDRIS  sp-822;  chinensis-426;  enhyd r is-463; 
plumbea-4  26 )  (ENICURUS  maculatus-585)  (ENNEACANTHUS  gloriosus-90;  obesus-666)  (ENNEOCTONUS  sp-567)  (ENOPHRYS 
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sp-113,287, 300;  bison-287 , 288 , 295 ;  d icerans-287 )  (ENSATINA  sp-359)  (ENSIS  sp-100;  directus-550)  (EOPHONA 
personata- 5 16, 524,527, 573)  (EOPSETTA  jordani-320)  (EPHEMERA  sp-1 39 , 37 3 , 753 ;  danica-138)  (EPHIPPION  quttifer- 
334)  (EPHIPPIORHYNCHUS  seneq a  1 ens i s- 533 , 563 )  (EPICORDULIA  sp-568)  (EPIGONUS  sp-159)  (EPIMYS  sp-731) 
(EPINEPHELUS  ££-124,125,152,161,191,192,228,230,291,292,310,311,620,799;  adscensionis-1 31 , 161 , 17 5, 187 , 190 ; 
aereus-264, 335;  akaara-64 , 79 , 122, 170 , 177 , 186, 189 , 230, 260 , 295, 303;  analoqus-160, 191 , 230 , 231 ;  bleekeri-231; 
chlorostigma-186,193;  f asciatus-64 ,189,190,296;  qorensis-195,230;  quttatus-131 ;  labriforniis-190,292; 

lanceolatus-229;  maculosus - 1 6 0 ;  merra-64,198,295;  morio-131,160,190;  mystacinus-124;  niveatus-126, 160,231; 

quernus-1 60 , 260,264;  septemf asc ia tus-296 ;  str iatus-1 24 , 126 , 131 , 160, 161 , 187 , 188 , 190 , 260 , 266 , 281 ;  tauvina-91; 
tsirimenara-189)  (EPIPLATYS  seneqalensis-651,661;  sexfaciatus-651;  sexfasciatus-661)  (EPITHECA  sp-344,345) 
(EPOMOPS  dobsoni-774 )  (EPTESICUS  sp-7 36 , 737 , 744 , 748 ;  chapmanni-771 ;  fuse us-735, 754 , 755 , 756, 757 , 759 ;  nilssoni- 
744,753,754;  pr opi nquus-7 3 5 , 74 8 ;  pus i  11 us-7 4 5 ;  se rotinus-7 38 , 7 44 , 748 , 74 9 , 754 , 7 56 , 7 58 ;  velox-738)  (EQUES 

acuminatus-173, 179;  lanceolatus-173, 179;  punctatus-173, 179)  (EQUULA  daura-101)  (EQUUS  sp-689 , 692 , 694 , 704 , 719 , 
770;  asinus-690 , 704 ;  caballus-690, 704 , 708 ;  quaqga-691;  zebra-704)  (EREMIAS  sp-818;  arguta-442)  (EREMOPHILA 
sp-526;  penicillata-574)  (ERETHISTES  conta-233)  (ERETMOCHELYS  imbr ica ta-4 02 , 40 3 , 404 , 44 3 , 4 51 ;  squamosa-384 , 
387,403,405,406,474)  (EREUNETES  s p-501;  maur i-494 , 501 )  (ERICHTHONIUS  d i £formis-7 3 )  (ERICYMBA  sp-183) 

(ERIGNATHUS  barbatus - 8 0 2 )  (ERIMYZON  sucetta-98)  (ERINACEUS  sp-669 , 73 2 , 764 ;  algirus-772;  eur opaeus-689 , 730 , 731 , 
735,818)  (ERINEMUS  sp-183)  (ERIOCHEIR  sp-790;  japonicus-788;  sinensis-788)  (EROLIA  sp-496,510,511,595,598,606; 
acuminata-595;  alpina-550, 594,596,597,599,602,605;  f errug inea-531 , 537;  maritima-535;  melanotus - 6 8 3 ;  minuta- 
605;  minutilla-521;  r uf icol 1  is- 594 , 596 , 597;  testacea-596)  (ERPOBDELLA  octoculata-676;  testacea-605, 679 ) 

(ERYTHACUS  sp-581)  (ERYTHROCULTER  sp-30;  da r bry i-2 24 , 23 5 ;  erythropterus-135;  i 1  i sha f o rm is-235 ;  mongol icus-1 35 ) 
(ERYTHROLAMPRUS  aesculapi i-433;  venustissimus-433)  (ERYTHROPUS  sp-670)  (ESCHRICHTIUS  q ibbosus-7 17 )  (ESOMUS 
sp-793;  danr icus-28 )  (ESOX  sp-4 9 , 66 , 91 , 13 5 , 1 38 , 1 97 , 20 3 , 222 , 223 , 225 , 234 , 237 , 649 , 650 , 652 , 660 , 662 , 68 5 , 76 5 , 801 ; 
aroer icanus-1 99;  estor-66;  lucius-66 , 67 , 88 , 133, 141 , 173, 199 , 209 , 226 , 230 , 237 , 653, 664 , 677, 780 , 809, 815; 

masquinongy-91 , 102, 199;  niqer-199;  vermiculatus-66)  (ETELIS  carbunculus-243;  marshi-184, 243)  (ETEONE  sp-596) 
(ETHEOSTOMA  sp-652;  blennio ides-89 ;  exile-659)  (ETRUMEUS  sadina-111)  (EllCALIA  sp-66,664;  i nconstans-1 35, 137 , 
650,664,678,679)  (EUCINOSTOMUS  sp-281,315;  californiensis-129,175;  lefroyi-106,129,281;  pseudogula-106) 

(EUCYNOPOTAMUS  q ibbosus-298 )  (EUDOCIMUS  albus-547 , 579 , 820 )  (EUDRYAS  b i fossa tus-4 17 )  (EUDYNAMIS  scolopacea-657) 
(EUDYPTES  chrysolophus-613)  (EUGERRES  sp-129)  (EUHADRA  pel iomphala-518 ;  quaesita-361)  (EULOTA  sp-731; 
dupl icincta-516;  fruticum-731;  lantzi-774;  sieboldiana-518;  similaris-518)  (EUMECES  sp-362, 449,822; 

fascia tus-448;  latiscutatus-448)  (EUMICROTREMUS  pacif icus-230)  (EUMOPS  qlauc inus-784 )  (EUNECTES  murinus-411, 
415,416,421;  scytale-440)  (EUOMPHALIA  sp-731)  (EUPARYPHA  sp-516;  pisana-517 , 735)  (EUPHAGUS  carolinus-577) 
(EUPHRACTUS  sp-691;  sexcinctus-691 )  (EUPOMACENTRUS  1 eucost ictus-1 1 2 , 191 )  (EUPOMOTIS  sp-66 , 138 , 639 , 801 ; 

g ibbosus-49 , 68,128,138,226,566,639,640,660,661,666;  microlophus-89, 129;  pal  1 idus-6  38 )  (EURYCEA  sp-359, 360, 

817;  bislineata-347,360;  quttolineata-346)  (EURYCERCUS  sp-137;  lamellatus-137 , 357 )  (EURYNIA  sp-222) 

(EURYNORHYNCHUS  pyqmaeus-570 )  (EURYPYGA  hel ias-571 , 584 )  (EURYSTOMUS  sp-590;  oriental is-61 , 583)  (EURYTEMORA 
s p-284 )  (EUTAENIA  sirtal is-435)  (EUTAMIAS  sp-731;  asiaticus-739;  sibiricus-732)  (EUTHYNNUS  sp-311,324; 

af finis-25, 89, 256, 266;  al let ter a tus-83 , 225 , 226 , 252, 281 , 290 , 310, 311 ;  oriental is-252;  pelaroys-250 , 251, 252, 253, 
255,256,261,270,276,290,324;  ya i to-2 25 , 250 , 253 , 254 , 255 , 259 , 267 , 27 1 , 272 , 273 , 274 , 275 , 31 0 , 312)  (EUTROPI ICHTHYS 

V£Cha-l 5, 18,23,234,235,245,247)  (EUXENURA  qaleata-543 , 564 ;  maquar i-543 , 546, 584 )  (EXOBRYCHUS  sp-685) 

(EXOCOETUS  vol i tans-1 15, 261 )  (EXOGLOSSUM  sp-647) 

(FAGOT I A  acicularis-508)  (FALCO  sp-526 , 546 , 567 , 577 , 578 , 614 , 644 , 656 , 662 , 670 ;  biarmicus-655;  hal iaetos-652; 
melanaetus-616;  milvus-531 ;  newtoni-530;  nitidus-519, 522,578;  pereqr in us- 6 52, 658 ,668;  rufus-685;  rusticolus- 
670;  spa rverius-571, 573,658;  subbuteo-569 , 573 , 574 , 579 , 685 ;  t innunculus-509 , 526 , 574 , 578 , 64 3, 644 , 656, 658; 

vespert inus-527 ,573,658)  (FARANCIA  abacura-430, 440, 446)  (FELICHTHYS  felis-311)  ( FELIS  sp-691 , 788 , 818; 

domesticus-4 63, 544, 620, 621, 622, 62 3, 627, 628, 629, 630, 63 2, 634, 635, 636, 638, 639, 640, 64 5, 646, 686, 690, 692, 694, 695, 
719,721,739,742,761,762,764,765,766,773,775,776,779,780,781,783,785,787,788,789,790,791,792,793,795,796,797, 
798,799,800,801,802,803,804,806,807,808,809,811,812,813,815,816,819,820,821,822,824;  maniculata - 8 1 4 ;  onca-790; 
pa rd us-8 13;  planiceps-775;  rufa-789;  serval-793;  sy Ives tris- 788, 818, 821;  viverrinus-81,793)  (FENNECUS  zerda- 
818)  (FERRISIA  f rag il is-342;  novangl iae-342;  tenuis-689)  (FIBER  zibethicus-488 , 703, 715, 716 , 739 , 760, 763 , 819 , 
820,821)  (FISTULARIA  pe t imba-1 14 , 125 , 126 , 127 , 1 52 , 153 , 292 , 310 ;  tabacaria-310)  (FLORIDA  sp- 6 3 2, 67 2;  caerulea- 
547,566,582,603,608,628,633,672,677)  (FLUMINICOLA  sp-26;  virens-1 94 , 562 , 746 )  (FLUTA  sp-139;  alba-90,188) 
(FLUVICOLA  pica-545)  (FLUVIOCINGULA  nipponica-781 )  (FONTOGAMMARUS  bosniacus - 1 7 4 , 558 )  (FORMICA  cinerea-771; 

f usca-771 ;  nigrans-771;  picea-771;  pratensis-771 ;  r uf ibarbis-771 ;  sanguinea-771 )  (FORMICARIUS  ruf iceps-579) 
( FORMIO  niger-148, 346)  (FOSSARIA  sp-648 , 693 ;  mod icel la-700 , 720 ;  obrussa-676;  ollula-719, 720;  parva-442, 700 , 
710,720)  (FOSSARINA  abrussa-536)  (FRANCOLINUS  sp-516, 567;  ahantens i s-500 ;  f rancol inus-526 , 582 , 614 ;  pictus-574; 
subtorquatus-685)  (FRATERCULA  sp-624;  a  ret ica-51 2 , 598 , 61 3)  (FREGATA  aquila-646;  ar iel-620, 645, 800; 

magnif icens-626, 682)  (FRINGILLA  sp-506, 520, 524 , 567 , 575, 61 1 ;  coelebs-522, 575, 611 ;  domestica-526) 

(FRUTICOCAMPYLAEA  na r za nensis-77 1 )  (FULICA  sp-483 , 489 , 495 , 498 , 50 2 , 520 , 521 , 536, 537 , 560 , 567 , 57 0 , 588 , 617 , 643 , 658 , 
662,685;  amer icana-487 , 494 , 505 , 507 , 530 , 531 ;  a rmil la ta-494 , 533;  a t ra-486 , 487 , 490 , 494 , 500, 505, 520 , 521 , 531 , 532, 
533,534,537,558,560,561,570,588,592,614,643,644,677;  caribaea-532;  chloropodis-493;  cristata-531;  leucoptera- 
486,505)  ( FULIGULA  sp-479 , 614 , 623 ;  cristata-500,504;  f erina-498;  fuligula-498,596;  marila-545;  nyroca-5, 559, 

560)  (FULMARUS  glac ial is-61 2 )  (FULMINICOLA  virens-745)  (FULVIDRACO  sp-544)  (FUNDULUS  sp-66 , 97 , 1 38 , 201 , 628 , 631 , 
664,815;  diaphanus-97 , 16 2 , 226 , 661 , 664 ;  qrandis-632;  heterocl itus-128 , 135, 175, 548 , 632, 765 , 766 , 809;  jenkinsi- 
632;  maj_al_is  - 1 0 1 ,128,144,175;  pal  1  idus-811 ;  parvipinnis-628 , 629, 63  3 , 637 , 646, 806, 807;  similis-1 01 , 632) 

(FURCIMANUS  d i aptera-1 60 ;  na kamur ae-70 )  (FURNARIUS  rufus-579) 


(GADUS  ££-80,125,159,194,230,279,280,286,305,320; 


leqlef inus-1 17, 193, 194,232;  callarias-160, 126, 297; 
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euxinus-126,303;  luscus-124, 286;  macrocephalus-1 59;  melanostomus-1 94 ;  merlanqus-124,126,213.230.232; 

mi nut us-1 24,126;  molva-17;  morrhua-159,209,223,230,232;  ovak-300;  saida-280;  virens-223)  (GAGATIA  cenia-218) 
(GALAXIAS  sp-167,217,652;  a t tenuatus-1 1 5 , 17 1 , 177 ;  brev i penn i s-1 7 1 )  (GALBA  sp-66, 534 , 719;  bul imoides-697 . 719 , 
720;  pa  1  us tris- 373, 486, 488, 534, 535, 649, 676, 693;  trunca tula-7 19, 720)  (GALBULA  qrandis-586;  r ufov i r id is-586 ) 

(GALEICHTHYS  sp-311,815;  felis-217;  seemanni-71 , 217)  (GALEMYS  py rena ica-741 , 783 )  (GALEOCERDO  tiqrinus-87) 

(GALEOIDES  decadactyl us-171 )  (GALEORHINUS  manazo-325;  mustelus-92)  (GALICTIS  vittata-671)  (GALLICREX  cinerea- 
571,617)  (GALLINAGO  sp-485,658;  del icata-493;  gal 1 inaqo-477 , 494 , 501 , 533 , 569 , 67 5 , 676 , 681 ;  gal 1 inula-596; 

media-668;  wilsoni-494, 501)  (GALLINULA  sp-502, 520, 521 , 531 , 588 , 639 , 643;  chloropus-49 , 57 , 58 , 486, 487 , 494 , 530, 

531,533,537,539,541,560,571,577,582,588,615,665,676,677,685;  crex-685;  qaleata-494 , 521 , 530, 531 , 532, 670; 

pusilla-499;  tenebrosa-489 , 530 )  (GALLUS  sp-485, 486, 493, 504 , 516, 518, 533, 536, 537 , 539 , 560, 567 , 568 , 617 , 623, 719; 
bankiva-486,488,489;  domesticus - 6 2 , 65, 480 , 484 , 486, 488 , 505, 508 , 516, 518 , 519, 526, 527 , 546 , 568 , 569, 586, 597 , 601 , 

602,607,611,615,616,617,624,628,630,632,633,636,638,644,646,647,650,651,657,659,660,661,663,670,677,685,715, 
716,732,760,761,762,765,806,807,811,815,820,822;  gallus-477, 487 , 507 , 518 , 527 , 531 , 536 , 540 , 546 , 553, 559, 568 , 569, 

571,591,646,671;  lafayetti-499, 520)  (GAMBUSIA  sp-4 6 3 , 620 , 622 , 623 , 633 , 639 , 799 , 802;  a ff ini s-1 99 , 201 , 540 , 54 5, 621 , 
623,628,633,636,645,652,805,806)  (GAMMARELLUS  sp-193)  (GAMMARUS  sp-1 39 , 171 , 174 , 193 , 362 , 369 , 599 , 742 ;  locusta- 
596,597,599,606;  marinus-596;  pulex-1 38 , 174 , 183 , 369, 373 , 605, 739 )  (GARRA  sp-96;  rufus-141)  (GARRULAX 

chinensis-506,581;  sinensis-575)  (GARRULUS  sp- 506, 516, 517,520,567,575,611;  bispecularis-521;  brandti-516; 

gland arius-505, 506, 524, 56 8, 57 3, 579, 581, 58 5, 586, 611, 671;  lanceolatus-506, 574)  (GARRUPA  sp-230,231)  (GARZETTA 
garzetta-641;  nigripes-538)  (GASTEROSTEUS  sp-30 , 305, 624 , 649, 660 ;  aculeatus-186 , 193, 194 , 281 , 283, 621 , 643 , 651 ; 
oculatus-1 37 )  (GASTRODONTA  1 igera-731 , 734 ;  suppr essa-732 , 7 34 )  (GASTROIDEA  cyanea-574)  (GAVIA  sp-548 , 676 , 803 ; 

adamsi i-650;  immer-549 , 558 , 618 , 619, 621 , 651 , 663 ;  s tellata-540 , 612, 615, 619)  (GAVIALIS  qanqeticus-398, 456, 469) 
(GAZELLA  dorcas-698 )  (GAZZA  minuta-225, 332)  (GECKO  gecko-417)  (GELOCHELIDON  sp-505 , 548 , 623 , 650 ;  ni lo t ica-511 , 

609,617,627)  (GEMMA  gemma-128,515;  purpurea-514)  (GENETTA  tigrina-821)  (GENIAGNUS  monopteryq ius-147) 

(GENYONEMUS  1 inea tus-1 24 )  (GENYPTERUS  blacodes- 3 1 3 , 3 2 1 )  (GEOCLEMMYS  hamiltoni - 4 0 ;  reevesi-440, 441)  (GEOMYDA 

areolata-440, 441 , 442;  melanosterna-394,399;  punctul aria-394 ;  spenqleri-449;  spinosa-424)  (GEOPELIA  striata- 
532)  (GEOTHELPHUSA  dehaani-788)  (GEOTHLYPIS  t r ichas-523 , 574 , 579 , 585)  (GEOTRIA  austral is-1 35)  (GEOTRUPES  sp- 
719)  (GEPHYROCHARAX  sp-244;  valenciae-202)  (GERBILLUS  sp-691,731;  aegypticus-730)  (GERMO  macropterus-261 ) 
(GERONTICUS  a lbicol 1 is-532, 547 ;  coerulescens-532, 534;  oxycercus-547 )  (GERRES  sp-1 30, 620 , 628 , 800, 806 , 807 ; 

cine reus- 5 6, 85, 106, 126, 129;  £ i lamentosus-636, 805;  melanopterus-1 95;  nigri-183;  puncta tus-1 21, 131)  (GIBBONSIA 
sp-1 91 ;  elegans-193;  metzi-180)  (GIBBULA  umbil ical is-80 ;  varia-310)  (GILLICHTHYS  m i rabi 1 is-302, 637 , 646 ) 

(GINGLYSTOMA  cirratum-87;  concolor-87 )  (GIRAFFA  campelopardalis-719)  (GIRELLA  sp-191;  niqricans-32,149,169, 
176;  puncta ta-1 48 ,149,169,302)  (GLANIDIUM  neivae-185)  (GLAREOLA  sp-658;  austr iaca-591 ;  pratincola-584, 586) 
(GLAUCIDIUM  s p-577;  passer inum-668 )  (G LAUC IONETTA  sp-487 , 498 , 569 , 615, 623 , 676;  clangula-490, 549, 596, 598, 607; 

islandica-487)  (GLIRULUS  j aponicus-757 )  (GLIS  qlis-731)  (GLISCHROPUS  sp-778;  tylopus-784)  (GLOBIOCEPHALUS 
macrorhyncha-7;  scammoni-72 , 727 , 729 )  (GLOSSIPHONIA  sp-680;  complanata-679 )  (GLOSSOGOBIUS  sp-33, 242, 622,800, 

805,806;  biocellatus-176;  br unneus-634 , 81 2;  g iur us-67 , 90, 140, 176, 231 , 292, 545, 805, 807)  (GLOTTIS  nebularia-494 , 
496,499,501)  (GLYPHISODON  sp-190)  (GLYPTANISUS  g ilberti-706)  (GLYPTOCEPHALUS  sp-70,124)  (GLYPTOSTERNUM  sp-88; 
reticulatum-140)  (GLYPTOTENDIPES  q r i pekoveni-527 )  (GNATHONEMUS  macrolepidotus-640 )  (GNATHOPOGON  sp-544,623, 

630,809;  e long at us- 97 ,185,240,245,330)  (GNATHYOPS  sp-191)  (GOB IQ  sp-89 , 90 , 117 , 1 33 , 1 3 5 ,  17 3 , 222 , 225 , 330 , 629 , 651 , 
660,801;  fluviatilis-184;  gobio-1 35, 677 , 795 )  (GOBIOMORPHUS  sp-167,217;  gobioides-167, 171)  (GOBIOSOMA 

robustum-112)  (GOBIUS  sp-79 , 112, 176 , 189 , 303 , 310, 320, 623, 649, 802, 803;  giuris-134, 175;  jozo-190 , 231 , 234 , 309, 

623;  melanostomus-624 , 803;  microps-97, 105, 144 , 221, 624 ;  minutus-97 , 231 , 309, 623, 624 ;  niqer-79 , 97 , 101 , 234 ; 
ophiocephalus-189, 220;  r uthenspa  r r i-624 ;  s imil is-176, 299 )  (GOMPHOSUS  varius-190)  (GOMPHUS  externus-586; 

melanops-369;  plaq iatus-586;  spicatus-568;  villocipes-368)  (GONIISTIUS  zona tus-1 50 , 169 , 186, 187, 188 , 192, 303) 
(GONIOBASIS  ££-68,185,507,508,803;  catenar ia-68 ;  depyq is-366, 647;  dooleyensis-68;  1 ivescens-68 , 194 , 407 , 590, 
647,801;  pi ic if era-1 84 , 779;  semicar inata-64 7;  virqinica-342)  (GONIODISCUS  rotundatus-730)  (GORILLA  sp-774; 
gorilla-777)  (GORSAKIUS  sp-809;  goisaq i-544 , 630)  (GOURA  coronata-550)  (GRACUPICA  nig ricoll is-559, 575) 
(GRALLINA  picata-671)  (GRAPTEMYS  sp-381 , 407 , 41 3 ;  qeog raphica-^SO , 407 , 438 ;  pseud oqeoq raphica-381 , 388)  (GRAYIA 
smythii-398;  tholloni-453)  (GRISON  vittata-775)  (GRUS  sp-502, 567;  canadensis- 57 3, 592, 670;  cinerea-499,592; 
gr us-495;  japonensis-761 )  (GUARA  alba-633)  (GUERRERO  sp-311)  (GUIRA  sp-571;  qui ra-506 , 533, 571 , 586 )  (GULP  sp- 
792;  boreal is-797;  qulo-819;  luscus-797)  (GUTTERA  plumifera-494)  (GYMNACANTHUS  sp-70, 80 , 148 , 230, 280, 287 , 305; 
detritus-116;  her zenste ini-1 16, 160 ;  tricuspis-81, 160, 194;  ventral is-70 )  (GYMNARCHUS  ni lot icus-89 , 213, 218 ) 

(G YMNOCRAN I  US  griseus-58)  (G YMNODACTYLUS  gecko ides-4 18 ;  pelag icus-41 0 )  (GYMNORHINA  hypoleuca-524 )  (GYMNOSARDA 
alletterata-324 )  (GYMNOSTINOPS  montezuma-504 , 520 , 579 , 580 )  (GYMNOTHORAX  sp-231 , 310, 311 , 315, 321 , 332; 

buroensis-189,191;  dovi i-224 , 31 2 ;  flay imarg inatus-180 , 225, 311 ;  f unebr is-225, 321 ;  k idako-310 , 312, 320, 321 ; 
melanospilus-320;  mordax-224 , 312;  morinqa-180, 224, 225;  pa  tell i-225, 232, 312, 321 ;  steindachneri-191; 

undula tus-225, 232,234,309,311,312,321;  vicinus-189, 225, 322)  (GYMNOTUS  sp-649;  electricus-209, 530)  (GYRAULUS 
sp-342, 358, 484, 567, 654, 656, 697;  a  1  bus-4 88 , 567 , 71 2 ;  chinensis-763;  convex iusculus-530 , 532, 535, 537 , 694 , 698 , 70  3 , 
712,761;  euphracticus-713;  qredler i-567 ;  h ieman t i um-761 ;  hirsutus-654;  japonicus-529;  parvus- 351, 535, 669, 716; 
prashad i-340, 761 ;  saigonensis-721;  s imilar is-349 , 350 )  (GYRINOPHILUS  sp-359) 

(HADROPTERUS  maculatus-89 )  (HAEMATOPUS  sp-533 , 550 , 595 , 599 ;  bachman i-510 , 51 5 , 597 ;  ostralequs-487 , 490, 492, 
512,514,515,550,552,557,565,568,596,597,599,605,606,685)  (HAEMOPIS  sp-200;  sanquisuqa-67 5 , 678 )  (HAEMULON  sp- 
101,103,105,184,188,195,281,288,315,647;  album-85,103,126;  aurol inea tum-37 , 288 ;  carbonarium-37, 85, 125, 173, 288; 
f lavol inea turn- 3 7 , 77 ,85,101,126,172,260;  macrostomum-85, 115,288,315;  melanurum - 2 8 8 ;  pa  r  ra-37 , 85, 288 ; 

pi  urn ieri-8 5, 95, 100, 101, 11 2, 126, 18 6, 189, 195, 288, 315;  sc iur us-8  5, 100, 101 , 112, 126, 186, 18  9, 195, 288 , 315; 

scudderi-101,241)  (HAGEDASHIA  hagedash-482, 535)  (HALCYON  coromanda-494 , 573, 583, 628 ;  fusca-586;  pileata-666; 
smyrnensis-507 ,560,583,609,664,666,667,680)  (HALIAETUS  sp-61 4 , 616 , 630 , 658 , 662, 670 ;  albicil la-657 , 668 , 677, 685; 
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leucocephalus-656, 658;  leucoqaster-634,635,657;  leucoryphus-632, 657,670,671;  sphenurus-658;  voc i f er-658 ) 

(HALIASTUR  sp-628;  indicus-650;  indus-544;  i ntermed ius-646;  sphenur us-628 . 647 , 658 . 670 )  (HALICHOERES  sp-188; 
biv i t tat us-4 2, 174,191;  dispilus-177;  qrypus-793 , 795 , 797 ;  macul ipinnis-42;  pictus-189;  poec ilopterus-184 , 187 , 
305;  rad iatus-1 74 )  (HALICORE  austral is-723;  duqonq-723, 724 ;  halicore-709)  (HALIEUTICHTHYS  sp-160)  (HAMINOEA 

ant i 1 lar um-484 )  (HAMPALA  sp-793)  (HAPALOGENYS  sp-238;  mucronatus - 1 7 6 )  (HAPLOCHITON  zebra-114)  (HAPLOCHROMIS 

sp-96;  mof fati-167;  ph  i  1 ande r-34 , 47  )  (HAPLOPTERUS  ventral is-501)  (HARDELLA  thurq i- 38 3 , 38 4 , 397 , 406 , 422 , 455 ) 
(HARELDA  qlacialis-462,557,643,685)  (HARENGULA  sp-282,291;  clupeola-74;  dispilonotus-306;  macrophthalma-1 48 , 
291;  zuna si-74, 282, 306,620)  (HARPAGUS  sp-577)  (HARPIPRION  sp-546;  cae r ul escens- 57 1 ;  cayennensis-532, 584 ) 
(HARPODON  nehereus-51, 293)  (HASSALLIUS  hassalli-66)  (HEDYMELA  a t r icapi 1 la-574 , 585)  (HEDYMELES  1 udov ic ianus- 
576,579)  (HELICE  sp-608;  depressa-602;  t r idens-602, 783, 789 , 790 )  (HELICELLA  sp-516, 736, 770 ;  a renosa-418 , 498 , 

522,572,579,735;  a r igon is-7 30 ;  cand idula-770 ;  obvia-730;  scitula-516, 517)  (HELICIGONA  sp-731)  (HELICODISCUS 
parallelus-734)  (HELICOLENUS  sp-180;  dactylopter us-174 ;  made rensis-29, 174;  percoides-180,190,291,295) 

(HELICOPSIS  arenosa-516)  (HELICORBIS  coenosus-704 )  (HELICTIS  sp-789)  (HELIOPERCA  sp-49;  incisor-68,661; 
macrochi ra-89, 129)  (HELISOMA  sp-344 , 621 , 648 , 652, 732;  anceps-358 , 664 ;  antrosum-34 , 35, 36 , 39 , 342, 485, 541 , 566 , 

639,640,678,703;  antrosus-711;  campanulatum-98, 199, 342, 381 , 382, 441 , 541 , 639 , 640 , 666, 819;  corpulentum-540 ; 
duryi-199;  normal is-201 ;  subcreatum-363;  tr ivolvis-98 , 199 , 280 , 342, 348, 355, 362, 381 , 382, 442, 449 , 485, 503, 558 , 
666,678,711,761,819)  (HELIX  sp-516 , 520 , 731 , 732 ;  arbustorum-731;  aspersa-516, 517, 579;  hortensis - 7 3 0 , 7 3 1 ; 

pomatia-731)  (HELODRIAS  t imor iensis-535)  (HELODROMAS  ochropus-488 , 527 , 535, 536;  solitarius-49)  (HELOSTOMA 
temmincki-48)  (HELOTARSUS  ecaudatus - 6 6 8 )  (HEMIBARBUS  sp-90,97;  labeo-134;  maculatus - 1 3 5 , 2 2 4 )  (HEMICARANX  sp- 
315)  (HEMICHROMIS  f asc iatus-661 )  (HEMICULTER  sp-30 , 224 , 628 , 629 ;  kner i-806 , 807 ;  leucisculus-91,794) 

(HEMIDACTYLUS  brooki-459;  flaviviridis-417,459;  f renatus-417, 459;  gleadovii-417 , 418;  maculatus-417) 
(HEMIERGIS  peroni i-418 )  (HEMIGRAMMUS  sp-244)  (HEMIGRAPSUS  sp-596 , 608 , 783 ;  nudus-605;  oreqonensis-605) 

(HEMILEPIDOTUS  sp-300;  q i lber t i-1 16 , 17 1 ;  hemilepidotus-116;  jordani-81)  (HEMIMACRURUS  acrolepis-159, 282) 

(HEMIPARRA  crass i rostr is-497 )  (HEMIPIPA  carvalho i-341 )  (HEMIRAMPHUS  sp-28 , 83, 110 , 620 , 628 , 800, 806, 807 ; 

bras i lie ns  is- 40, 11 6, 144;  depauperatus-116;  georqi-636;  sa jori-100)  (HEMIRHAMPHUS  sp-42;  1 imbatus-322) 

(HEMISPHAERODON  sp-820)  (HEMITAURICHTHYS  sp-311;  zoster-144)  (HEMITRIPTERUS  sp-1 24 , 286 , 29 3 , 564 ;  americanus-80, 
126,194,295;  v i llosus-1 69 , 287 , 297 , 565 )  (HENIOCHUS  acuminatus-309)  (HEOSEMYS  qrandis-397)  (HEPSETIA  sp-42, 620, 
800,807;  balabacensis-636;  st ipes-64 , 116 )  (HEPTAGENIA  sp-526,527)  (HERODIAS  sp-639, 640, 672, 680;  eqretta-654, 
660;  garzetta-672;  t imor iensis-538 , 547 , 554 , 672)  (HERPA I LURUS  yaquarond i-775)  (HERPEDOBDELLA  sp-96)  (HERPESTES 
sp-789;  brachyurus-774;  javanicus-788;  nobilis-816;  nyula-788;  urva-816)  (HERPETODRYAS  f uscus-393, 431 ) 

(HERPETOTHERES  sp-670)  (HERPOBDELLA  atomar ia-67 5 , 678 , 68 5 ;  oc tocul a ta-678 , 68 5 ;  punc ta ta-678 )  (HESPERIPHONA 
vespertina-573)  (HETAERINA  amer icana-743, 756 )  (HETAIRUS  sp-194)  (HETERANDRIA  formosa-201)  (HETEROBRANCHUS 
long ifilis- 140, 208, 661)  (HETERODON  contor tr ix-433 , 434 ;  platyrhinus-433, 434 , 435)  (HETERODONTUS  philippi-92) 

(HETEROPNEUSTES  foss i 1 is-37 , 89 , 91 , 13 3 , 140 , 173 , 206 , 208 , 424 , 639 )  (HETEROPYGIA  f use icol 1 is-618 )  (HETEROSTICHUS 
rostratus-172)  (HETEROTIS  niloticus-452)  (HEXAGENIA  sp-138,162;  bilineata-756;  limbata-162,590;  recurvata- 
138)  (HEXAGRAMMOS  £2-169,230,287,300,564;  lagocephal us-81 , 117 ;  oc tog rammus-1 17 , 148 , 565 ;  otaki i-117 , 169 , 170 , 
192,287;  steller i-171 , 286;  supercil iosus-1 17)  (HEXANCHUS  qriseus-67, 68 )  (HIERACIDEA  sp-546, 670;  berigora-614; 
or iental is-614 )  (HIERAETUS  fasc iatus-653, 655)  (HIEREMYS  annandalei-407)  (HIEROCOCCYX  varius-674)  (HILSA 
i 1 isha-74 ;  sinensis-335)  (HIMANTOPUS  sp-502, 505 , 598 , 621 ;  atropterus-497;  bachmani-608;  candidus-497, 498,501, 
548;  himantopus-497 ,498,506,571,584,686;  leucocephalus-497 , 501 ;  melanopterus-497 , 584 ;  mexicanus-489,509; 
ostralegus-595;  rubropterus-497;  wi lsoni i-485, 503)  (HIODON  aloso ides-139 , 229;  terg isus-1 39 , 229)  (HIPPEUTIS 
cantor i-721,763)  (HIPPOCAMPUS  sp-310;  coronatus-1 24 ;  erectus-172)  (HIPPOGLOSSOIDES  sp-70, 72, 80, 81 , 113, 116 , 
124,187,286;  platessoides-23, 72 , 81 , 114 , 175)  (HIPPOGLOSSUS  sp-70, 80 , 81 , 11 1 , 124 , 279 , 280 , 286, 300;  h ippoqlossus- 
23,72,114,215,282,287,297;  1 imando ides-72 , 124 ;  vulgaris- 124, 285)  (HIPPOLAIS  icterina-590)  (HIPPOPODIUS 

hippo pus-1 48)  (HIPPOPOTAMUS  sp-706 , 719 , 720 ;  amphibius-690 , 698 , 699 , 700, 706, 707 , 713, 720)  (HIPPOSIDEROS  sp-778; 

bicolor-755;  caffer-754)  (HIPPOTRAGUS  sp-698 , 710 , 713;  beckeri-452;  equinus-692, 710 , 713 ;  niber-700)  (HIRUNDO 
s p-567, 575;  abyssinica-574 , 587;  apus-524 , 590 ;  daur ica-574 , 577 ;  neoxena-524;  niqrita-574, 577;  rust ica-524 , 525, 
526,568,575,583,586,587,611;  smi thi i-587;  urbica-524 , 587 ;  versicolor- 58 4 )  (HISTRIONICUS  sp-48;  histrionicus- 

490,595,598,609,613,686)  (HOLACANTHUS  arcuatus - 3 1 9 ;  c il  iar is-72;  isabel ita-72, 73;  septentrional is-52; 

tricolor-48,72,120,288)  (HOLCONOTUS  rhodoterus - 1 7 2 )  (HOLOCENTRUS  sp-196,310;  ascensioni s-1 26 , 160 , 17 1 , 180 , 196 , 
291;  coruscus-171;  sammara-60, 196,311;  scythrops-189;  spinifer-281,292,310;  spinosissimus-155;  vexillarius- 
180;  violaceus-1 90;  xantherythrus-180 , 292 )  (HOLOCHILUS  sp-691)  (HOLOQUISCALUS  luqubris-611)  (HOMALONYX  sp-521) 
(HOMO  sapiens-482, 483, 608, 620, 622, 628, 629, 689, 690, 691, 692, 693, 709, 71 1,719, 721, 738, 739. 740, 751, 757, 760, 761, 762, 
763,764,765,770,779,781,788,789,790,791,792,793,794,795,797,799,800,801,802,805,806,807,808,809,813,815) 
(HOPLERYTHRINUS  uni taen iat us-64 1 )  (HOPLIAS  malaba r icus-205 , 64 1 , 64 2 )  (HOPLICHTHYS  reqani-227)  (HOPLOCHROMIS 

flavi josephi-185)  (HOPLOGNATHUS  fasc ia tus-71 , 11 5 , 192;  punctatus-71 , 161 )  (HOPLOPAGRUS  qunther i-1 44 , 194, 241) 
(HUCHO  perryi-67;  ta imen-67 , 779 )  (HURO  sp-49 , 66 , 138 , 237 , 330, 661 ;  daur icus-1 38 ;  f loridana-239;  huro-1 22, 123 ; 

salmoides-24,89,138,240.462,645)  (HUSO  sp-223)  (HYALE  sp-193)  (HYALELLA  kn  icke rbocke r i-1 94 )  (HYBORHYNCHUS 

sp-185;  notatum-65, 661 , 793)  (HYDRANASSA  sp-632;  tricolor-566,612,632,633.672)  (HYDRASPIS  geof f royana-394 ; 
g ibba-394 ;  schoepf i i-394 )  (HYDROBIA  sp-97;  acuta-284 , 599 , 606;  minuta-128 , 487, 550 , 593 , 781 ;  salsa-486,489,490, 

491;  stagnalis-284,484;  ul vae-489 , 550 , 594 ;  ventrosa-284 . 550 . 599 )  (HYDROCHELIDON  sp-478 , 505 , 520 , 612, 650, 685; 
nigra-505,526,527,535,548)  (HYDROCHOERUS  capybara-703 , 715, 718;  hydrochoer is-703, 715;  isthmius-703) 

(HYDROCOLOEUS  sp-478;  melanocephal us-479 , 483 ;  novaeholland iae-477;  r id ibundus-483)  (HYDROCYNUS  f orskal i i-84 ) 
(HYDROCYON  f orska 1 i i-290 )  (HYDROIDES  sp-79)  (HYDROLAGUS  colliei-336)  (HYDROMYS  chrysogaster-7 39 , 763 , 78 1 , 78 3 , 

805,806,807,809,820,821)  (H YDROPHAS IANUS  chirurqus-612, 677 )  (HYDROPHIS  cyanoc inctus-444 , 447 ;  elegans-447) 

(HYDROPORUS  sp-370)  (HYDROPOTES  sp-774)  (HYDROPROGNE  sp-478 , 548 , 61 2 , 623 , 684 ;  caspi a-650 , 680 ;  tscheq rava-478 , 
625,636,640)  (HYDROPSALIS  torquata-531 )  (HYDROSCOPUS  pi umbeus-4 40 )  (HYDROUS  sp-370)  (HYELAPHUS  po re inus-707 , 
712)  (HYLA  sp-96, 340, 342, 346, 359, 369, 373, 375, 424, 426, 449, 532, 818, 819, 820;  a rborea-227 , 309 , 34 4 , 367 , 463 ;  aurea- 
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341,344,349,361,370,372,419;  cinerea-359,433,436;  citropus-362;  coerulea-361,372;  crepitans-671 ;  crucifer-355, 
359,535;  ewing i i-341 , 361 ;  eximia-341 ;  freycineti-369,372;  q  rac ilenta-361 ;  picker inq i i-3  54;  raniceps-355; 
regilla-342,354,437;  rubra-671;  versicolor-344)  (HYLACICHLA  mustel ina-581 )  (HYLARANA  sp-341,361;  albolabris- 
374)  (HYLOCHOERUS  me iner tzhaqen i-708 )  (HYLOMYS  sp-732;  suillus-750)  (HYLOPHYLUS  hypoxanthus-578 )  (HYNNODUS 
atherinoides-148, 282)  (HYNOBIUS  sp-761;  niqrescens-761)  (HYODON  tergisus-185)  (HYPENTELIUM  sp-185,222; 
nigricans-98)  (HYPERODON  rostratus-728 )  (HYPEROLIUS  sp-361,639;  concolor-352 ;  igbettens i s- 352 ;  nasutus-352; 
nitidulus-342, 352;  sans i bar icus-357 , 374 , 639 )  (HYPLEUROCHI LUS  geminatus-156)  (HYPOCLYDONIA  bella-226) 

(HYPODYTES  r ubr ipi nn is-1 90 )  (HYPOMESUS  sp-305,564;  o 1  idus-3 30 , 56 5 )  (HYPOMORPHUS  ur bi t i nqa-6 57 ) 

(HYPOPHTHALMICHTHYS  sp-30 , 649 , 81 6 ;  mol i tr ix-25 , 1 35 , 18 3 )  (HYPOPLECTRUS  sp-191;  unicolor-161)  (HYPORHAMPHUS 

sayori-3 0,74, 622, 802;  un i f ascia t us-42, 62, 627 )  (HYPORHYNCHUS  notatus-237)  (HYPOTAENIDIA  phil ippensis-584, 619; 
str i ata-521 ;  torquata-545)  (HYPOTRIORCHIS  sp-526, 670 , 675 ;  subbuteo - 5 2 6 , 527 , 573 , 575, 669, 674 )  (HYPSELOBAGRUS 
sp-330)  (HYPSIRHINA  sp-426)  (HYPSOB LENNI US  hentz-156)  (HYPSURUS  caryi-111)  (HYPSYPOPS  rub icunda-288 ) 

(IBIS  ££-547,548;  coerulescens-584 ;  f alcinellus-547;  ibis-674;  leucocephalus-543 , 563, 644 , 686; 

megalocephala-569;  molucca-547, 582)  (ICELUS  bicornis-185, 190 )  (ICHTHYOBORUS  nigr icoll is-547 )  (ICHTHYOPHIS 
glutinosus-361 )  (ICTALURUS  sp-1 99 , 203, 234 , 644 ;  anguilla-89;  furcatus-242;  melas-88;  punctatus-89, 135, 162, 199 , 
201,202,462,644,645,801)  ( ICTERIA  virens-588)  (ICTERUS  sp-577;  cayennensis-506;  chrysocephalus-506;  qalbula- 

521,584)  (ICTIOBUS  bubalus-93 , 98 , 268 ;  cypr inella-93, 268 ;  niqer-93, 268 )  (ICTIS  noveboracensis-819)  (IDOTEA 
baltica-597)  (I PUNA  sp-506)  (IDUNCA  sp-524)  (I DUS  sp-88 , 630, 685, 765;  idus-98, 630 , 653,765, 809, 815;  melanotus- 
197,792)  (IGUANA  iguana-399;  tuberculata- 3 9 9 , 4 5 2 )  ( I HERINGICHTHYS  labrosus-24, 139)  (ILISHA  sp-190)  (ILYANASSA 

obsoleta-111, 596)  (ILYBIUS  f ul ig inosus-353)  (INDOPLANORBIS  sp-692;  exustus-369 , 384 , 386 , 530 , 532 , 535 , 537 , 547 , 
690,698,708,712,761,762,763,764)  (INIA  geof f rensis-726)  (INIISTIUS  pavonicus-176;  pavoninus-177 )  (INIMICUS 

japonicus-169, 230,286,295,321)  (IONORNIS  martinica-490 )  (IRIDIO  bivittatus-189)  (ISCHNURA  vertical is-347) 

(ISCHYROCERUS  sp-193)  (ISIDORA  sp-689;  brazieri-536;  tropica-692)  (ISOPSETTA  isolepis-111)  (ISTIOMPAX 
marl ina-270)  (ISTIOPHORUS  sp-324;  or iental is-263, 265, 283)  (IXOBRYCHUS  sp-639,685;  cinnamomeus-556, 640 , 6 

61;  exilis-672;  minutus-488 , 490 , 548 , 555 , 556 , 660 , 681 )  (IXOREUS  sp-517,580;  naevius-575, 589) 

(JABIRU  s p-639;  ame r icanus-584 ;  mycteria-663)  (JACANA  sp-521,571;  spinosa-497, 504, 542, 571)  (JAERA  sp-193) 
(JENYNSIA  1 ineata-663)  (JOHNIUS  sp-124,293)  (JORDANELLA  sp-49;  f loridae-201)  (JULIS  sp-190;  q iof redi-146; 

1 unar is-79 , 80 )  (JUNCO  hyemal is-579) 

(KACHUGA  d hong oka -383, 384, 386, 405, 406, 408, 411, 412, 424, 425, 440, 441;  intermedia-422,424;  kachuqa-386, 413, 
425,474;  smi thi i-4 06, 41 1 ;  tectum-406,413)  (KALOULA  sp-361)  (KAMIMURIA  t ibial is-748 , 756 )  (KAREIUS  sp-187) 
(KASSINA  s p-341 )  (KATAYAMA  fausti-690;  nosophora-690;  tangi-690,788)  (KATELYSIA  opima-544)  (KATHETOSTOMA 
albigutta-223;  giganteum-223)  (KATSUWONUS  sp-311;  pelamyhs-257;  pelamys-251, 253, 254, 256, 258)  (KAUPIFALCO 
monogrammicus-538 )  (KERIVOULA  sp-784;  hardwickei-749;  pusilla-749)  (KETUPA  zeylanica-651 ;  zeylonensis-560, 
568,627,651,657,659)  (KINIXYS  bell iana-822)  (KINOSTERNON  sp-413;  carinatum-387;  hirtipes-379;  inteqrum-430, 
440,441,442;  leucostomum-379 , 397;  louis ianae-44 1 ;  panamense-430 , 440 , 441 ;  pennsylvanicum-441;  sco rpio ides- 394 , 
440,442;  steindachneri-441;  subr ubr um-379 , 441 )  (KIRKALDIA  deyroll i i-368)  (KITTA  erythrorhyncha-516, 573) 

(KITTACINCLA  me laba r ica-656 )  (KOBUS  sp-713;  defassa-713;  thomasi-713)  (KOLPOPHIS  annandalei-447)  (KUHLIA 
marg inata-170;  sandy icensis-83 , 169, 623)  (KYPHOSUS  analoqus-31;  cinerascens-26, 157, 181, 288, 317;  elegans-33, 

181,317;  incisor-26,31,42,181,317;  sectat r ix-26 , 31 , 42 , 45 , 181 , 317 ;  sydneyanus-212) 

(LABEO  s p-264;  calbasu-48;  f orskal i-274 , 291 , 310 ;  rohita-794)  (LABEOBARBUS  sp-117,793)  (LABIDESTHES  sp-49; 
sicculus-162)  (LABRAX  sp-1 86 , 31 0 , 320 ;  lupus-186,187,213,214,222,227,233;  punctatus-152)  (LABRISOHUS  sp-190; 
nuchipinnis-172,191;  xanti-36)  (LABRUS  sp-79 , 112, 189;  bergyl ta-111 , 146,192,624;  cynaedus-189;  luscus-192; 

macul at us-111 , 183;  merops-190;  merula-79 , 111 , 183, 192 , 286;  mixtus-189;  tinca-190;  turdus-192)  (LACCOTREPHES 

ruber-368)  (LACERTA  sp-421;  aq ilis-370 , 418, 421 , 457;  gracil is-418;  mural is-418 , 421 ;  vivipara-421 )  (LACHESIS 
lanceolatus-418;  neuwied i i-434 )  (LACHNOLAIMUS  sp-191;  max imus-75, 125, 144 , 158 , 189)  (LACTOPHRYS  sp-92; 

bicaudalis-37,43,92,191,204;  quadricornis-43, 153;  tr icornis-43, 79 , 146, 150, 153;  t r iqonus-37 , 43, 146 , 150, 153, 
186;  tr iqueter-92, 146,154)  (LAEMONEMA  sp-159,180;  barbatulum-81 , 125)  (LAEVICARDIUM  mortoni-78)  (LAGOCEPHALUS 
laevigatus-155, 303,334)  (LAGODON  sp-1 09, 175, 281 ;  rhombo ides-31 , 72, 80 , 100, 112, 144, 305)  (LAGOPUS  sp-516,520, 
522,567)  (LAHILIELLA  kneri-35)  (LAIMUS  peli-180)  (LAMELLAXIS  q racil is-361 )  (LAMNA  sp-276,277)  (LAMPETRA  sp- 
305;  r ichardsoni-779;  t r identata-779 )  (LAMPRIS  guttatus-250;  reg ius-254 , 256, 327 )  (LAMPROPELTIS  qetulus-432, 

433,434,435)  (LAMPSILIS  sil iquo idea-226 )  (LANISTES  procera-523)  (LANIUS  sp-507 , 517 , 520, 567;  col lur  io-520, 526, 
572,575,578,581,671,685;  cr ista tus-527 , 57 2 , 657;  excubiter - 5 3 1 ;  minor-527,581,585;  schach-586)  (LAPEMIS 

hardwicki i-461 )  (LARIMUS  sp-190)  (LARUS  sp-478 , 479 , 505, 510 , 516 , 524, 526, 527 , 535, 536, 537 , 544 , 548 , 550, 552, 567 , 
593,598,599,606,612,617,621,623,624,626,630,635,636,639,640,650,651,662,673,676,677,680,685,766,801,803,809, 
812;  a rgentatus-1 55, 366, 477, 478, 479, 482, 484, 508, 510, 51 1,51 2, 514, 515, 544, 545, 548, 550, 552, 558, 559, 564, 574, 596, 

597,598,599,603,606,609,612,617,619,620,624,626,632,636,646,650,651,654,676,680,740,766,781;  atricilla-477, 

478, 50 8, 548, 59 8, 603, 618, 632, 636, 654, 669, 6707  each i nnans- 526;  cal i fo rnicus-509, 566, 596, 621 , 626 , 628 , 685;  canus- 
484,510,512,526,527,549,550,552,612,617,651,660;  c i r rocephalus-548 ;  crassirostr is-621 , 636;  delawarensis-478, 
479,484,550,621,636,646,652,654,676;  dominicanus-573, 584 , 600 , 651 ;  f uscus-478 , 483, 508 , 512, 550, 552, 574 , 599, 605, 
618,622,626,643;  genei-599, 605, 609;  qlaucescens-599, 605, 651 , 781 ;  qlaucus-508, 512, 599;  ichthyaetus-541, 650 ; 
macul ipennis-508;  mar inus-51 2, 526 , 548 , 550 , 597 , 598 , 605, 606 , 681 ;  melanocephalus-599 , 606, 636 ;  minutus-483, 563; 
modestus-680;  novaeholland iae-477 , 510,551,654,680;  occidentalis-477,508,509,625,626;  philadelphia-484,549, 

550;  pipixan-527;  r id ibundus-484 , 508 , 526 , 532 , 548 , 550 , 552 , 557 , 590 , 592, 597 , 599 , 605, 606 , 612 , 617 , 61 9 , 620 , 621 , 624 , 
627,629,636,643,644,649,650,669,674,677,685,812,815;  schistosaqus-598, 677;  ta imyrensis-617)  (LASIONYCTERIS 
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sp-736;  noctivagans- 735,736)  (LASIURUS  bo rea 1 i s-7 3 5 , 74 9 , 7 55 , 77 1 ;  c i nereus-754 , 755)  (LATEOLABRAX  japonicus- 
124,169,239,240,621,800,824)  (LATERALLUS  sp-577;  jama icensi s- 579 ;  melanopha i us- 579 ;  viridis-579) 
(LATER I DO PS  IS  fosteri-170)  (LATERNULA  sp-513;  kamakurana-1 06 )  (LATES  sp-28;  calca r i f er-28 , 124 , 170 , 188 , 231 , 246 , 
296,557)  (LATICAUDA  sp-446;  col ubr i na-460;  laticaudata-398,461;  semifasciata-445,447)  (LATILUS  j apon icus-168 ) 
(LATRIDOPSIS  ciliaris-80,150,287,295;  fosteri-298)  (LAVARUS  imperial is-61)  (LEANDER  sp-89;  f luminicola-592; 
pauc idens-1 76 )  (LEBISTES  sp- 1 8 5 , 24 4 , 54 1 , 6 54 ;  retkulatus- 54 5 , 548 , 647 , 68 6 )  ( LEC ITHOCONC HA  lecythis-520) 
(LEIMADOPHIS  sp-431;  poec iloqyr us-4 16 , 4 1 7 )  (LEIOCASSIS  ussur i ens i s- 1 99 )  (LEXOGNATHUS  arqentea-163, 305, 622, 802; 
dussumieri-291;  r ivulata-1 22 )  (LEIOLOPISMA  sp-359;  laterale-359,360,448)  (LEIOPTI LA  capistrata-591 ) 
(LEIOSTOMUS  s p-125, 175;  xanthur us-1 05 , 1 09 , 1 28 , 1 4 4 , 281 , 320 , 334 , 335)  (LENISTES  sp-763)  (LENTROPOHUS  sp-311) 
(LEPADOGASTER  sp-189;  qouanii-298)  (LEPIBEMA  sp-222;  chrysops-242)  (LEPIDAPLOIS  mesothorax - 6 3 5 ;  perditio-146) 
(LEPIDOCYBIUM  f 1 avobr unneum-2 64 , 291 )  ( LEPI DODACTYLUS  1 ugubr i s-4 1 0 )  (LEPIDOPSETTA  sp-70 , 80 , 1 1 3 , 159 , 233 , 28 0 , 300 , 
305;  bi 1 inea ta-1 1 1 )  (LEPISOSTEUS  sp-199;  osseus-199 , 801 ;  platostomus-199,201;  pi atyrhinc us-201 , 451 ;  spatula- 
225;  tristoechus-220)  (LEPOMIS  sp-49 , 66 , 97 , 1 38 , 222 , 234 , 237 , 54 1 , 647 , 649 , 652 , 657 ;  aur i tus-1 38 , 638 , 661 ; 
g ibbosus-49 , 68,89,90,137,226,239,566,661,793;  humil is-89 , 651 ;  macrochi r us-49, 66 , 68 , 97 , 226 ;  meqalotis-194, 661; 
microlophus-129;  pallidus-2  22,566;  punctatus-129)  (LEPORINUS  sp-35,162;  £ r ider ici-119;  obtusidens-35) 
(LEPTAGONUS  decagonus-81 )  (LEPTOCELLA  sp-89)  (LEPTOCEPHALUS  sp-169;  conqer-1 1 3 , 160 , 1 95, 227,295,321; 
myriaster-169,227,230,231)  (LEPTOCOTTUS  sp-191,305;  armatus-194 , 195, 286, 287 , 288 )  (LEPTODACTYLUS  sp-340,355; 
bol iv  ianum-355;  cal iq inosus-34 1 ;  ocel la tus-341 , 34 6 , 350 , 351 , 352, 354 , 355, 357 , 374 , 446, 654 , 671 ;  pentadactylus- 
341,346,352,354)  (LEPTODIRA  annul  a ta-4 34 )  (LEPTONYCHOTES  weddel 1 i-7 17 )  (LEPTOPTERUS  sp-506)  (LEPTOPTILOS 
javanicus-544 )  (LEPTOPTILUS  sp-617;  c r umeni f e r-556 , 564 )  (LEPTOSCARUS  japonicus-177 )  (LEPTOSYNAPTA 
gall ienne i-550 )  (LEPUS  sp-764;  amer icanus-695, 736;  coreanus-774;  sylvaticus-736;  texianus-736)  (LERNAEOCERA 
1  use i-286 )  (LESTES  r ec tang ul a r is-363 ;  sponsa-526;  viq ilax-350)  (LETHRINUS  sp-70, 104 , 112, 119 , 165, 166, 183, 184 , 
188,195,197;  a t lant icus-1 00 , 103 ,-  qlyphodon-112, 198;  haematopterus-80, 11 2, 184 , 186 , 189 , 192, 194 , 197 , 198, 230; 
hypselopterus-189;  mehsena-1 25,188,194;  mehsenoides-188 , 189;  microdon-184, 188 ;  miniatus-145, 310;  nebulosus- 
125,185,187,188,189,306;  rost ra tus-24 3 ;  var ieqatus-1 84 )  (LEUCASPIUS  sp-189;  del ineatus-644 )  (LEUCICHTHYS  sp- 
138)  (LEUCISCUS  sp-66 , 88 , 89 , 90 , 96 , 97 , 1 17 , 1 3 5 , 1 38 , 17 3 , 197 , 222 , 225 , 330 , 621 , 6 30 , 649 , 653 , 654 , 660 , 662 , 68 5 , 80 1 ; 
baecalensis-134;  brand ti-1 11 ;  cephal us-89 , 98,117,639;  erythrophthalmus-222;  idus-88, 133,197,677,795; 
leuc iscus-1 34 ;  rut ilus-98 , 133, 672, 795, 81 5;  walecki i-1 35, 281 )  (LEUCOCHROA  candidissima-498)  (LEUCOGOBIO  sp- 
240)  (LEUCONOE  sp-737 , 753 , 758 )  (LEUCOPHOYX  thula-539, 553, 672)  (LEUCORHINIA  sp-568;  caudal is-567 ;  rubicunda- 
569)  (LEUCOSARCIA  picata-517)  (LEUCOSOMUS  sp-185;  corporal is-647 )  (LEURESTHES  tenuis-626)  (LEUROGLOSSUS 
stilbius-334)  (LIBELLULA  sp-347 , 369 , 370 , 567 , 568 ;  incesta-363;  quadrimaculata-567, 568, 569)  (LICHXA  sp-320,620, 
632,799,811;  amia-225 , 291 , 303 , 306 , 326 , 81 1 ;  qlauca-336 , 809 )  (LIGIA  sp-605,606)  (LIGURINUS  sp-517)  (LIMANDA  sp- 
70  ,  80  ,  81  ,  11  1  ,  116  ,  124  ,  175,  187  ,  194  ,  233,  280,  286  ,  300  ,  305;  ferruginea-80,125,186;  1 imanda-72, 80 ;  punctatissima-113) 
(LIMAX  sp-520;  ag rest i s-730 ;  ru£a-730)  (LIMNOCALANUS  sp-284)  (LIMNOCOELA  f ale inel lus-51 5 )  (LIMNOGALE 
mergulus-738 , 742 )  (LIMNOPARDALIS  rythirhynchus-490)  (LIMNOPHILUS  sp-1 35, 136, 373, 745, 757;  qriseus-373; 
indivisus-524;  opalustris-524 ;  rhombicus-373)  (LIMNOTHLYPIS  swa insoni-505)  (LIMNOTRAGUS  spekei-690)  (LIMOSA 
sp-510,513,535,550,606,675;  fedoa-557, 593, 596;  lapponica-496, 509, 605;  1 imosa-509 , 525, 530, 535, 536, 550; 
melanura-681 ;  novaehol land iae-501 )  (LIMULUS  polyphemus-781)  (LIOCASSIS  brazhn ikovi-67 , 90 ;  ussur iensis-90 ) 


( LIOPHIS  sp-431;  mi 


iaris-341,393,414,415,417,429,458,471)  (LIOPLAX  subcarinata-644)  (LIOPSETTA  sp-70, 111, 116, 
(LI PARIS  sp-230,280,287,300,305;  q ibbus-2 30 , 28 6 ;  liparis-194)  (LISSEMYS 
(LISSODELPHIS  boreal is-729 )  (LISSOTRITON  sp-340)  (LITHOFALCO 
(LITTORIDINA  australis- 2 99 , 559 )  (LITTORINA  sp-67 ,550,599; 


124,649;  maculata-32;  obscura-170) 
sp-413;  punctata- 348, 38 6, 413, 422, 424, 425) 
aesalon-526)  (LITTORADINOPS  tenuipes-812) 

1  it to rea- 5 50, 624 ;  obtusata-550, 598, 599;  pintado-477;  planax  is-102, 477;  rudis-193, 491, 598, 599;  saxatil is-515, 
550;  scabra-477;  scutula ta-598 , 605 ;  sitchana-605)  (LIZA  sp-65,800,802;  menada-807)  (LLAMA  sp-719)  (I£ 

unimaculatus-51)  (LOBIVANELLUS  ind icus-490 , 497 , 501 , 657;  lobatus-497 , 532)  (LOBODON  carcinophaqus-717) 

(LOBOTES  s p-302, 305;  pacif icus-233;  sur inamensis-231 , 233)  (LONCHURA  sp-532;  ferrug inosa-530, 535;  punctulata- 
530,535)  (LOPHIUS  sp-1 24 , 160, 280, 286, 293 , 320;  americanus - 2 2 8 ;  litulon-286, 295;  piscator ius-67, 70 , 81 , 124 , 125, 
232,233,244,291,297,309,311)  (LOPHODYTES  sp-621;  cucul la tus-659 )  (LOPHOLATILUS  sp-280)  (LOPHOPSETTA  sp-124, 
175)  (LOPHOTIBIS  c r ista ta-547 )  (LOPHURA  amboinensis-417 )  (LOPHUROMYS  sp-692)  (LORICARIA  anus-298;  vetula-196) 
(LORIS  tard iqradus-751 )  (LORIUS  domiceUa - 5 8 2 )  (LOTA  sp-66 , 88 , 96 , 135, 138 , 222, 649 , 650, 660, 662, 663;  lota-67,88, 
90,139;  maculosa -6 6, 138)  (LOTELLA  phycis-125, 296;  rhac inus-161 , 170 , 310 )  (LOVETTIA  scalii-292)  (LOXODON 

af ricanus-714)  (LOXODONTA  africana - 6 9 3 )  (LUCANIA  parva-632)  (LUCIOLA  cruciata-757;  lateral is-757) 

(LUCIOPERCA  sp-66, 88, 90, 135, 173, 222, 223, 225, 279, 303, 621, 632, 649, 651, 801;  luc iope rca-88 ;  sandra-67,88; 

volgensis-662)  (LUCIOPIMELODUS  pati-298)  (LUMBRICULUS  va r ieqa tus-369 )  (LUMPENELLA  sp-187)  (LUMPENUS 

anguillaris-111,288;  fabricii-190;  lampretaeformis-190;  maculatus-1 94 ;  medius-95)  (LUSCINIA  sp-520; 

calliope-572,619;  luscinia-581)  (LUTJANUS  sp-1 24 , 188 , 190 , 191 , 217 , 243, 244 , 281 , 311 ;  anal is-124 , 188 , 241 , 246; 

apod us-32, 126, 188, 241;  aratus-315;  argentimaculatus-124;  auratus-176;  aya-241, 243,246;  buccanel la-145, 246; 
colorado-242;  cyanopterus-243;  f ulviflamma-183, 243;  qibbus-189 ;  qriseus-124, 188,241;  guineensis-243; 
guttatus-57, 246;  jocu-188 , 241 ;  johni i-293 , 310;  jordani-124,241,243;  mahoqoni-126 , 241 ;  maltzani-230; 

modestus-1 24 ;  novem£asciatus-124,243;  rangus-1 24 ;  rostratus-243;  synaq r is-124 , 188,241;  vaiqiensis-238,243; 
virid is-124, 170, 188, 292;  vitta-187, 243;  vivanus-241)  (LUTRA  sp-632 , 719 , 763 ;  bras i 1 iensis-790, 817 , 819; 

canadensis-763 , 766,817;  lutra-624 , 739 , 764 , 797;  macul icoll is-766 , 817 , 820 ;  repanda-811,817;  sol i tar ia-766; 
vulgaris-814)  (LUTREOLA  sp-779,792;  itatsi-761;  lut reola-764 , 785, 797 , 804;  vison-624 , 785, 795, 803, 804 , 819 ) 

(LUXILUS  cornutus-801)  (LYCICHTHYS  sp-113,305;  dent icul a tus-1 16 , 1 48 )  (LYCODES  sp-70 , 124 , 126 ;  aqnostus-81 , 190 ; 

pal 1  id us-70 , 14  8 )  (LYCODON  aulicus-417)  (LYCODONTIS  sp-313;  f unebris-322, 332;  morinqa-322, 332) 

LI)  (LYGOSOMA  sp-361;  noctua-372)  (LYMNAEA  sp-24 , 96 , 340 , 344 , 348 , 37 3 , 37 4 , 428 , 529 , 532 , 
acuminata- 6 39 ,692,694,713,719,720;  appressa-695; 

baltica-534;  bul imoides-741 ;  cubensis-693; 


brevipes-1 

(LYCODOPSIS  pacif icus-1 

534,535,639,649,659,676,691,692,693,694,720,763; 
auricularia-373,488,550,662,676,677,694,762;  aur iculata-675, 694 ; 
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emarginata-650,676;  euphractica-690;  f ul iq inosa-532;  glabra-486;  humil is-650, 676 japonica-481 . 482, 531 . 740, 
760,761;  javanica-481 ;  lacustris-535;  lessoni-535, 539, 652, 680 . 739;  1 imosa-369 , 427 , 486 . 536, 537 . 675. 739 ; 
luteo la- 534, 639, 640, 690, 692,693, 713, 719, 762, 763, 764;  natalensis-367 , 373, 375, 486 , 530, 663, 689 , 690, 691 , 695. 719. 
720;  ollula-763;  ovata-353 , 373 . 493, 494 , 534 , 547 , 563, 675, 678 , 697 . 710 ;  palust r is-353, 373 , 481 , 486 , 524 . 526, 529, 534 . 
535,536,547,563,638,651,652,675,678,679,694,695;  peregra-353 , 486, 488 , 526, 529, 537 , 651 . 676 , 678 , 679. 763;  pervia- 
529,536,740,761;  ph i 1 ippinensi s-7 19 , 739 , 763 ;  pi icatula-521 ;  radix-483;  ref lexa-558 , 676 ;  r ubig inosa-481 , 482, 
530,532,535,537,693,694,761;  ruf escens-720 ;  staqnal is-96 , 348 , 353, 358 , 373, 410 . 427 , 481 , 482, 503, 524, 526, 532, 534 . 
535,537,539,547,550,563,650,675,676,678,695,720,738,753,764;  succinea-713;  swinhoei-529 . 536 , 719, 720 ;  tenera- 
694;  traskii-442,529;  truncatula- 3 4 9 , 697 , 719 ;  vivipara-547;  vulgar is-529 )  (LYMNOCRYPTES  minimus-500, 535) 
(LYMNODROMUS  sp-675;  g r i seus-510 , 606 , 608 )  (LYMNODYNASTES  dorsal is-372, 419;  pe roni i- 34 1 , 344 , 349 , 37 2 ; 
tasmaniensis-341, 419)  (LYNX  sp-779;  ruf us-693 , 788 ;  uinta-693)  (LYRODERMA  lyra-458, 744 , 755)  (LYRODES  parvula- 
594,780,781)  (LYRURUS  sp-526 , 527 , 567 ;  tetrix-527)  (LYSMATA  i n termed ia-1 91 )  (LYTHRULON  sp-191,315; 
f laviguttatum-172) 

(MABUYA  ££-361,449;  dissimilis-417,449;  multifasciata-449;  perrotetii-352;  siamensis-418;  striata-356) 
(MAC AC US  ££-628 ,689,693;  cynomolgus-7 02, 704 , 71 1 , 751 . 774 , 806 ;  i rus-781 , 789;  rhesus-634,711,717,751;  speciosus- 
771)  (MACCULLOCHELLA  sp-652)  (MACHETES  sp-567;  pugnax-53 1 , 532 , 54 5 )  (MACOMA  sp-1 01 , 102 , 550 ;  bal t ica-51 2, 51 4 , 
550;  inconspicua-513)  (MACORNES  cavasius-173)  (MACROB RACHIUM  dayanus-91 , 347;  nipponensis-89, 177,301,781; 
ophione-594,781)  (MACROCHLAMYS  sp-736;  schmidti-730)  (MACRODON  ancylodon-205)  (MACRONES  sp-347;  cavasius-1 40 ; 
nemurus-330;  seenghala-1 40, 223, 233, 234 , 247 ;  tengara-90;  vittatus-91)  (MACROPHTHALMUS  d i lata tus- 599, 602, 606, 
783;  japonicus-602, 787 )  (MACROPODUS  chinensis-172;  cupanus-28;  opercular is-623, 628 , 629, 766, 805, 807 ;  supanus- 
28)  (MACROPYGIA  ruf iceps-530)  (MACRORHAMPHOSUS  j aponicus-79 )  (MACRORHINUS  angustirostr is-803)  (MACROTUS 
mex icanus-748 )  (MACROURUS  bairdii-296)  (MACROZOARCES  sp-124;  americanus-624)  (MACRURONUS  novaezelandiae-295, 
297)  (MACRURUS  f abr ic i i-1 86 ;  rupestris-117)  (MACTRA  sp-1 44 , 232, 513, 550 )  (MADAGASCAROPHIS  colubrina-389) 
(MAENA  s p-293;  smaris-144;  vulgar is-291 , 303 , 305, 306 )  (MAKAIRA  sp-26;  ampla-269, 270;  audax-263, 269, 270) 
(MALACANTHUS  sp-191;  hoedti i-1 11 , 176 ;  plumieri-111,124,126,189,197)  (MALACLEMYS  terrapin-404)  (MALACOCLEMMYS 
sp-381;  geographicus-440;  lesueur i i-440 )  (MALACOCTENUS  macropus-172;  zonifer-177)  (MALAPTERURUS  electricus- 
91,216)  (MALLOTUS  sp-305)  (MALPOLON  monspessulanus-463)  (MANATUS  exunquis-702;  latirostr is-702)  (MANDRILLUS 
leucophaeus-788 )  (MANTA  bi rostr is-277 ;  ehrenberg i-86, 87 )  (MARECA  sp-479 , 485, 486, 487, 615, 676;  americana-481 , 
678;  pene lope-4 87 , 489,533,535,537,677,678)  (MAR I  LA  sp-485 , 487 , 676 ;  af f inis-478 , 562 ;  marila-551)  (MARISA 
cornuarietis-531)  (MARMOTA  sp-770)  (MARTES  sp-764 , 779 , 789, 790;  martes-818;  melampus-775)  (MARTESIA  striata- 
333)  (MASTACEMBELUS  ££-89,139,330;  a rmatus-90 , 1 34 , 176 , 209 , 21 9, 300 , 640 ;  nigromarginatus-89;  pancalus-66) 
(MASTOMYS  sp-692;  coucha-692)  (MAZAMA  sp-700;  americana-698;  nana-698;  simpl ic icornis-697 )  (MEDIALUNA 
californiensis-33,161, 288)  (MEGACERYLE  sp-566;  a lcyon-507 , 564 , 667 )  (MEGADERMA  f rons-4 20 , 755 , 757 )  (MEGALASPIS 
s p-294, 303;  cordyla-1 60, 222, 294 ;  leiognathi-291 )  (MEGALOBATRACHUS  japonicus-88, 341, 359, 373)  (MEGALOCOTTUS 
s p-300 )  (MEGALOPS  sp-28;  atlanticus-64 )  (MEGALORNIS  sp-493 , 499 , 567 ;  qrus-499)  (MEGARHYNCHUS  p i tangua-580 ) 
(MELANERPES  erythrocephal us-579)  (MELANIA  sp-486, 763 , 802;  honkongensis-794;  joretiana-301;  1 iber tina-788 , 789 , 
790;  mauiensis-630,809;  obi iqueg ranosa-628 , 806;  reiniana-628 , 805, 806;  toucheana-788 ;  tuberculata-754 , 799 , 805, 
807,812)  (MELANITTA  sp-4 86 , 498 , 502 , 51 4 , 51 6 , 536 , 599 , 61 2 , 67 5 , 678 , 680 ;  americana-514;  degland i-599, 652, 677; 
f usca-504 ,512,551,557,594,609,643,678,679;  nigra-504 , 512, 51 3, 514, 551 , 557, 591 , 598 , 605;  perspicillata-513) 
(MELANOGLAEA  ventral is-177)  (MELANOGRAMMUS  sp-286,305;  aeglef inus-1 59 )  (MELANOIDES  newcombi-507 ;  terebra-28; 
tuberculatus-28 )  (MELANONYX  fabilis-487)  (MELANOPHOYX  ardesiaca-672)  (MELANOPSIS  sp-463;  tunetana-463) 
(MELANOSUCHUS  n iger-4 66 , 468 )  (MELANOTAENIA  sp-652)  (MELEAGRIS  sp-485, 507 , 516 , 533 , 536 , 567 , 568 , 623 ;  qallopavo- 
505,518,525,561,670,769)  (MELES  sp-732, 764 , 788 , 790 ;  leptorhynchus-816;  taxus-730, 731)  (MELICERTUM 
octocostatum-1 48 )  (MELICHTHYS  buniva-45, 144 , 180;  vidua- 4 5, 157, 164, 293)  (MELITTOPHAGUS  pusillus-586) 
(MELLETES  sp-2 30 , 287 , 300 , 305;  papi 1 io-97 , 171 )  (MELOPSITTACUS  undul atus-477 )  (MELOSPIZA  sp-521;  georgiana-579; 
1 incolni-506;  melod ia-520, 579;  melospi za-521 )  (MEMBRAS  vagrans-303)  (MENETES  sp-789;  cooperi-342)  (MENETUS 
dilatatus-817)  (MENIDIA  sp-305;  beryll ina-234;  men  id ia-1 00 , 1 01 , 124 , 125, 126, 148 , 226 , 232, 680;  notata-159, 295) 
(MENTICIRRHUS  ££-125,144,175,180,191,226;  amer icanus-1 26 , 17 5 , 320 ;  nasus-156, 255;  saxatil is-126, 128 , 144 , 145, 
175,184,295;  undulatus-85, 105)  (MEPHITIS  macroura-790;  mephitis-732,780,789,801,819,820;  niqra-819)  (MERETRIX 
s p-513)  (MERGELLUS  sp-502,685;  a lbel lus-536 , 570 , 588 , 678 )  (MERGULUS  alle-612)  (MERGUS  sp-479 , 486 , 498 , 502 , 504 , 
516,536,537,548,562,567,569,616,617,621,623,624,649,651,675,676,678,680,801;  albellus-498 , 534 , 560 , 651 , 652; 
merganser-488,531,544,545,548.617,621,646,651,652,659,663.678;  ser ra tor-504 , 54 5, 608 , 636 , 643, 651 , 652, 659, 678 ) 
(MERIONES  s p-731 ,770;  shawi-731)  (MERLINUS  sp-175;  carol inus-295)  (MERLUCCIUS  sp-280, 282, 297;  barbatus-303; 
bilinearis-295,315;  esculentus-303;  gayl-295, 297;  hubbsi-23, 292;  me r luce i us-23, 127;  productus-23, 315; 
surmuletus-303)  (MEROPS  aegyptiacus-586;  apiaster-525, 573 , 574 , 586;  persicus-586;  viridis-586)  (MERULA  sp-502, 
517,520;  eunomus-548;  gigantes-517;  merula-516, 575, 579)  (MESOB RACHIUM  australe-601;  australiense-601) 
(MESOCOTTUS  sp-66)  (MESOCRICETUS  sp-781;  aurat us-548, 632, 766, 781 , 809)  (MESOCYC LOPS  crassus-137;  leucka rti-344 ; 
obsoletus-362)  (MESODON  sp-360,574;  inf lectus-360;  thyroidus-360 , 732, 775)  (MESOGOBIUS  sp-97 , 173, 623, 803) 
(MESOMPHIX  cupreus-732)  (MESOPHOYX  intermedia-650)  (MESOPICOS  goertae-522)  (METACHIROPS  opossum-731,738) 
(METACHIRUS  sp-769;  nud icauda tus-769 , 822 ;  opossum-769)  (MICRAECA  f asc inans-535)  (MICRASTUR  sp-577; 
ruf icollis-578;  semitorquatus-657)  (MICROCANTHUS  striqatus-28, 302)  (MICROCARBO  sp-567;  a f r icana-539 , 653; 
melanoleuca-630)  (MICROCEBUS  murinus-776)  (MICROGADUS  sp-155,280;  tomcod-194)  (MICROHYLA  ornata-822; 
pulchra-822)  (MICROLEPIDOTUS  sp-85)  (MICROMETRUS  sp-105;  minimus-111)  (MICROMYS  minutus-731)  (MICRONYCTERIS 
hi rsuta-748 , 783 , 784 ;  mex icana-784 )  (MICROPALMA  sp-675;  himantopus-487)  (MICROPERCA  proel iar is-242) 
(MICROPOGON  sp-91,109,124,125;  f urnieri-109;  undulatus-1 24 , 1 25, 144 , 175, 232, 281 , 320 )  (MICROPTERUS  sp-49,66,91, 
97,138,203,237,639,649,652,801;  dolomieu-24 , 68 , 89 , 97 , 138 , 203, 226, 234 , 237, 239 , 242, 462, 566, 607 , 64 5, 661 , 666; 
pacif icus-111;  punc tula tus-1 38 ;  salmoides-66, 68 , 90 , 137 , 138 , 162 , 239, 240 , 241 , 242)  (MICROSARCOPS  c inereus-494 , 
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497,501)  (MICROSCELIS  amauro t i s-571 )  (MICROSPATHODON  sp-42)  (MXCROSTOMUS  sp-124;  pac i f icus-70, 111,159) 

(MICROTUS  syj- 658,695,715,767,770,790;  aq r es t  i  s-7 38 , 74 0 ;  a rval  is-710, 716, 7  38 , 7  39;  fortis-715;  long  icaudus-731 ; 
miurus-731;  pennsyl vanicus-695, 71 5, 71 6 , 718 , 731 , 778 , 793 )  (MICRURUS  lemniscatus - 4 3 7 )  (MICTEROPERCA  sp-311) 

(MILIARIA  sp-506)  (MILVAGO  sp-577;  ch imach ima- 571 )  (MILVUS  sp-616,628,630,649,658,670,671,799,812,815; 

aegypticus-620;  ater-658;  qovinda-508 , 614 , 657 ;  korschun-528 , 544 , 614 , 658 , 81 5;  lineatus-571,614,616,658; 

migrans-486, 508, 531, 544, 54 5, 574, 61 4, 620, 622, 627, 628, 629, 630, 632, 634, 643, 644, 645, 646, 650, 652, 655, 656, 657, 658, 
660,668,799,805,806,808,811;  milvus-628 , 656, 657 ;  parasi t icus-507 , 508, 544 , 545, 546, 61 4 , 620 , 622)  (MIMOCICHLA 

rublpes-577)  (MIMUS  lividus-577;  polyqlottos-580)  (MINIOPTERUS  sp-737 , 744 , 750 , 753, 758;  schre ibersi i-738 , 739 , 
744,747,750,753,754,783,823)  (MISGURNUS  sp-1 35 , 1 39 , 240 , 547 , 623 , 628 , 629 , 74 0 , 802 , 80 5 , 806 , 807 , 809 ; 

anguillicaudatus-97, 176, 200, 245,426, 545,623,761;  f oss i 1 is-1 97 , 662)  (MITRELLA  lunata-111 , 175)  (MIXOPHYES  sp- 
820;  fasciolatus-819)  (MNIOTILTA  var ia-521 , 522)  (MOCHLUS  fernand i-448 )  (MOCTRA  sp-100)  (MODIOLA  capensis-233; 
modiolus-550)  (MODIOLARIA  discors-222)  (MOGURNDA  sp-97 , 544 , 652 ;  obscura-89, 90 , 176, 177 , 245, 299, 330, 679)  (MOLA 
byrkelange-297 ;  mo la- 61, 62, 63, 154, 250)  (MOLGE  sp-359,373;  cristatus-367;  palmata-358;  vulqaris-367) 

(MOLLIENESIA  sp-28 , 632 , 633 ;  la t i pinna-3  5 , 20 1 , 632, 633 , 81 2 )  (MOLOSSOPS  sp-758;  pi  an i rost r i s-7 58 )  (MOLOSSUS  sp- 

748,753;  c rassicaud at us-753 , 755;  major-738,753,755;  niqricans-735;  obscurus-784 ;  sinaloae-757; 

tropidorhynchus-748 )  (MOLOTHRUS  sp-521;  bona r iensis-581 )  (MOLPASTES  haemorrhous - 5 2 4 )  (MOLVA  sp-280;  molva- 

298)  (MOLYBDOPHANES  coerulescens-547)  (MOMOTUS  momota-4 98 , 61 0 )  (MONACANTHUS  sp-109,155;  ciliatus-157; 

cirrhifer-38,39,144,145,146,301;  hispid us-37, 43 , 57 , 92)  (MONADENA  sp-517)  (MONEDULA  turrium-516, 526) 

(MONOCENTRIS  j aponica-1 08 , 11 5 )  (MONODACTYLUS  arqentatus-293)  (MONOLENE  ant il larum-78 )  (MONTICIRRHUS 

saxat i  1  is-2  22)  (MONTIFRINGI LLA  sp-506;  a  1 picola- 573 )  (MORELIA  argus-419)  (MORENIA  ocel 1 ata-398 , 408 ) 

(MORINGUA  javanica-176)  (MORMOOPS  megalophyl la-749 )  (MORMYRUS  kannume-46)  (MORONE  amer icana-1 26 , 128, 135, 138, 

144,145,184;  interrupta-242;  labrax-186, 220, 223;  saxatil is-337)  (MORRHUA  aeqlef inus-1 59 )  (MORUS  sp-649) 

(MOSCHUS  moschiferus-771)  (MOTACILLA  sp-506 , 521 , 524 , 526 , 567 , 57 5 , 598 , 61 1 ;  alba- 525 , 526 , 527 , 57 3 , 577 , 580 ; 

boarula-611;  cinerea-525;  f lava-50  5, 527, 596;  grandis-484;  lusc inia-520 , 578 ;  phoenicur us-493;  ya rel 1 i i-527) 
(MOTELLA  sp-293;  vulgar i s-1 21 , 1 26 )  (MOXOSTOMA  sp-801;  macrolepidotum-183;  r ubreques-98 )  (MUDALIA  sp-648; 
carinata-647)  (MUGIL  sp-28 , 30 , 36 , 65 , 234 , 240 , 279 , 620, 623, 628 , 629, 632, 634, 635, 636, 765, 799 , 800, 802, 805, 806, 807 , 
808,809,811,812,813,815;  af finis-800, 805, 806 , 807 , 81 2;  auratus-34, 35, 40, 307;  capi to-34 , 632, 765, 800, 806 , 809, 811 ; 
cephalus-26, 30, 34, 35, 36, 41, 4 2, 101, 225, 284, 28 5, 302, 305, 620, 623, 630, 632, 634, 636, 646, 680, 799, 800, 807, 809, 811, 
812,824;  chelo-34 , 35 , 36 ;  curema-40 , 42 , 225, 632, 646;  dussumieri-634, 636;  parsia-306;  platanus-30, 302;  ramada-34, 
35;  saliens-34,35,632,653;  speigleri-293;  trichodon - 6 3 2 , 646;  waigiensis-29, 40)  (MUGILOGOBIUS  sp-652) 

(MULLQIDES  aur i f lamma-1 77 )  (MULLOIDICHTHYS  sp-311;  aur if lamma-100, 170, 177 , 179;  mart inicus-111 , 175, 191 ; 

pfluegeri-101 ,170,176,177,265,292,315;  samoensis- 1 0 1 , 170, 177, 179, 315)  (MULLUS  sp-175, 623, 628 , 803;  barbatus- 

100,106,107,175,178,213,286,303;  rubescens-175;  surmuletus- 1 0 7 , 14 5, 175, 178 )  (MUNGOS  mongo-788)  (MUNIA 

atricapilla-536)  (MUNTJACCUS  sp-719)  (MURAENA  clepsydra-310,311;  helena-310)  (MURAENESOX  cinereus-230, 295, 
311,322,331;  coniceps-295;  talabono ides- 328)  (MUS  sp-526, 690 , 692;  alexand r inus-772;  decumanus-730;  musculus- 
632,694,695,731,738,739,809;  norveg icus-485, 632, 711 , 740 , 789, 809 , 81 2;  rattus-730 , 740 , 789 )  (MUSCICAPA  sp-506, 

520,611;  grisola-522,526,572,583;  striata- 520, 526)  (MUSCULIUM  elevatum-88;  ferrissi-130;  partumeium-344 , 761 ; 
transversum-89, 138,162)  (MUS TELA  sp-779 , 788 , 790 , 791 , 794 , 801 , 816 ;  c icognani i-819;  erminea-738;  foetida-814; 

frenata-804,819;  furo-814;  itatsi-790;  nivalis-804;  noveboracensis-819;  putorius-785,804;  sibirica-789,790, 

791;  vison-732, 739, 746, 763, 769, 780, 789, 790, 79 5, 796, 797, 801, 80 3, 804, 819, 820;  vulgaris-814)  (MUSTELUS  sp-764; 
antarcticus-92;  lunulatus-92;  mustelus-325)  (MYA  sp-549,550;  arenaria-550)  (MYCTERIA  sp-639,640;  americana- 
639,641,662,663)  (MYCTEROPERCA  sp-1 1 5 , 124 , 16 1 , 191 , 223 , 231 , 281 , 292 ;  bonac i-230 , 231 ;  foliata-192;  microlepis- 
161,230;  olfax-126, 160;  pardal is-90 , 188 ;  venenosa-131 , 230;  xenarcha-1 60 , 188 )  (MYIOPHONEUS  sp-493;  caeruleus- 
573)  (MYIOSPI ZA  humeral is-581 )  (MYIOZ ETETES  sp-577;  similis-578)  (MYLETES  sp-46)  (MYLEUS  sp-46,58) 
(MYLIOBATIS  sp-87;  cal ifornicus-92)  (MYLOPHARYNGODON  sp-30)  (MYLOSSOMA  sp-46;  aureum-48 , 50 )  (MYOCASTOR  sp-693, 
719,770;  coypus-70 2 , 704 , 71 6 )  (MYOPHONUS  caeruleus-521 )  (MYOPOTAMUS  sp-719, 770;  coypus-716)  (MYOSPIZA 

humeral is-505 )  (MYOTIS  sp-736, 737 , 744 , 745, 751 , 753, 757 , 758;  bocagei i-7  35, 778;  cal  if ornicus-738 , 745, 748 , 754 ; 

capaccinii-809;  dasycneme-738;  daubentoni-751,753;  grisescens-738,748;  I uc if uq us- 738, 746, 747, 748, 753, 755, 756; 
myotis-745;  mystacinus-738 , 744 , 749 , 757 ,776;  nigricans- 748, 758;  oxyqnath us-745, 754 , 759;  sodal is-7 38;  vel ifer- 
749)  (MYOXOCEPHALUS  S£-80 , 81 , 11 3 , 1 24 , 14 8 , 230 , 233 , 280 , 287 , 300 , 305 , 564 ;  brandti-565;  platycephalus-184; 

guadr i corn is- 70 , 148;  raninus-297 ;  verrucosus-70)  (MYRICHTHYS  acuminatus-204;  maculosus-176;  oculatus-203, 204) 
(MYRIPRISTIS  sp-311;  berndti-260;  jacobus-64)  (MYROPHIS  puncta tus-1 09 )  (MYSTUS  sp-330;  aor-89;  cavasius-91; 
seeng ha la- 89, 133, 140, 20 1,206, 218, 299;  vittatus-201, 208)  (MYTILUS  sp-79, 101 , 513, 514, 549 , 550;  edulis-79, 223, 

510,513,514,550,613;  qalloprovincial is-7 9, 514 , 515;  latus-83;  platensis-514 )  (MYXUS  elonqatus-172, 292) 

(NAJA  sp- 398,426;  bungarus - 4 2 2 ;  haje-461;  na j a- 389 , 422 , 423 , 426 , 455 ;  nivea-422;  tr ipud ians-422, 432) 
(NANDUS  s p-640 ;  nandus-640)  (NANGRA  v i r idescens-233 )  (NANNOPERCA  sp-652;  austral is-540)  (NANNUGO 

pipistrellus-730)  (NARACION  torpedo-328)  (NASO  sp-32, 60 , 100, 190 , 281 , 293, 319;  annulatus-319, 320; 

brevirostris-115,149,164;  hexacanthus-27, 108 , 11 5, 149, 164 , 318 , 326;  unicornis-31 , 149, 180, 289, 319, 326 )  (NASSA 

incrassata-146;  mutabil is-1 12 , 144 ;  obsol eta-1 11 , 125, 126, 145, 477 , 478 , 550 , 603;  reticulata-112)  (NASSARIUS 

obsole tus-1 24,404;  vibex-550)  (NASUA  nar ica-790 , 81 9)  (NATALUS  mex icanus-751 , 753, 758 , 784 )  (NATICA 

marochiensis-544;  poliana-112)  (NATRIX  sp-203, 41 3, 435, 438 , 656 , 669 , 671 , 681 , 818 , 822;  cyclopion-432, 433, 435, 436; 
erythrogaster-433,435;  fasciata - 4 3 2 , 435, 436;  laurenti-436;  maura-463;  nat r ix-340 , 363, 374, 375, 414 , 424 , 428 , 437 , 
438,446,459,467,669,818;  pisca tor-389 , 414 , 426 , 464 ;  rhombifera-43, 348 , 433, 435, 436, 445;  septemvittata-409; 
sipedon-428 ,432,433,434,435,436,437,462,645;  stolata-426;  tax ispi lota-431 ;  tessel lata-375, 414 , 44 1 , 459 , 818; 
tigrina-411,418,426,472;  torquata-426;  v iper ina-4 24 , 4 27 , 464 )  (NAUCRATES  ductor-126)  (NAVODON  modestus-39) 
(NEBRIUS  concolor-87)  (NECROSYRTES  monachus-6 1 2 )  (NECTOMYS  sp-691)  (NECTURUS  sp-138,817;  maculatus-356, 364 ; 

(NEMACHILUS  sp-89 , 1 17 , 13 5 , 1 38 , 18 5 , 64 9 , 660 ;  ba rbatul us-33 , 1 39 , 678 ;  kashmirensis-134; 


maculosus-242, 346, 435) 
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rupiculus-669;  stol  iczka  i-1 34 )  (NEMATONURUS  1 onq i f i 1 i s- 1 59 )  (NEMATOSCELIS  meqalops-276 )  (NEMICHTHYS  sp-180) 
(NEMORHAEDUS  goral-770)  (NEOBYTHITES  macrops-1 04 , 31 5 )  (NEOCARIDINA  sp-89,740;  dent icula ta-369 , 607 . 78 3 ) 

(NEOCERATODUS  forsteri-44)  (NEOCLINUS  sp-191;  un i no ta t us-1 1 2 )  (NEOFIBER  alleni-716)  (NEOGOBIUS  sp-97 , 17 3 , 21 3 ; 
f luviatilis-88,98;  kessl er i-1 8 5 ;  melanostonuis-97 )  (NEOMAENIS  sp-188;  anal is-186;  qriseus-125, 186)  (NEOMERIS 
phocaenoides-729)  (NEOMOENIS  q r  iseus-1 91 , 288 ;  quttatus-191 ;  synaqris-213, 246)  (NEOMYS  sp-734 , 742, 818; 

anomalus-730 , 741,786;  fod iens-7 30, 731 , 734 , 742, 74 3 , 744 , 778 , 781 . 786 , 795. 796)  (NEOPERCIS  sp-315;  aurantiaca - 1 8 4 , 

185;  multifasciata-176,184,185;  muronis-184;  sex f asc  iata-184 , 188 )  (NEOPHOCAENA  phocaenoides-7  25, 726, 729 ) 

(NEOPHRON  sp-670;  pe rcnopter us- 508 , 535 , 540 , 64 4 . 647 . 658 . 669 . 670 )  (NEOSALANX  tangkahke i i-235 )  (NEOSEBASTES 

thetidis-64,190)  (NEOTHENIA  macrocephala-55)  (NEOTHUNNUS  macropter us-2 5 , 250 , 251 , 252 , 253, 257 , 261 . 262 . 268 , 271 . 
324)  (NEOTIS  cafra-657 , 670 )  (NEOTOMA  f use ipes-776 )  (NEPHELIS  vul gar is-1 97 )  (NEPTUNEA  sp-124;  decemcostatum- 
124)  (NEREIS  sp-79, 596;  caudata-79;  d iver sicolor-122 , 51 3 , 550;  dumer il i-122;  limbata-515;  pelaq ica-159; 
virens-111, 122)  (NERITINA  f luviatil is-172, 183)  (NEROPHIS  sp-649;  aequoreus-194)  (NETTA  sp-503, 537, 539, 560, 
567,675;  r uf ina-4 90 , 504 , 53 3 , 537 , 546 , 61 4 )  (NETTAPUS  sp-486,493;  aur i tus-48 2 , 48 3 , 484 ;  co romandel ianus-486 , 49 3 , 
494,505)  (NETTION  sp-479 , 48 5 , 486 , 487 , 567 , 676 ;  brasil iense-488 , 532;  c recca-480 , 48 2 , 48 3 , 48 6 , 490 , 54 2 , 560 , 616 ) 

(NEUROTRICHUS  gibbsii-783)  (NIBEA  schleqeri-95)  (NICHOSINA  usta-42)  (NINOX  boobook-573 , 67 1 ;  maculata-652, 656, 
671)  (NOCOMIS  s p-185 , 222;  biguttatus-90;  micropoqon-184 )  (NOCTILIO  macropus-735)  (NOTECHIS  scutatus - 4 1 9 ) 
(NOTEMIGONUS  crysoleucas-141 , 664 )  (NOTHARCHUS  swa insoni-586)  (NOTHURA  maculosa - 5 1 6 )  (NOTODROMAS  sp-137; 

monacha-1 37 )  (NOTOPHOYX  sp-628;  novaeho 1 1  and i ae-673 )  (NOTOPHTHALMUS  v i r idescens-358 )  (NOTOPTERUS  chitala-209; 

notopterus-642 )  (NOTOTHENIA  mac rocephal a-179 , 28 6 , 307 ;  neqlecta-145, 184, 286)  (NOTROPIS  sp-1 83 , 185, 222, 541 , 647 , 

652,660,780;  anogenus-660;  a ther ino ides-660;  cornutus-90 , 137,237,644,646,659,661;  deliciosus-615, 659,793; 
dorsalis-659;  frontal is-90 ;  heterolepis-24 ;  budsonius-25, 237;  volucellus-659)  (NOTURUS  sp-199;  f lavus-89 , 162) 
(NUCIFRAGA  caryocatactes-573)  (NUMENIUS  sp-4 8 5 , 486 , 496 , 502 , 50 5 , 520 , 521 , 527 , 535 , 54 4 , 548 , 550 , 555 , 567 , 570 , 598 , 
599,606,624;  ame r icanus-550 ;  arabicus - 5 4 9 ;  a rqua tus-494 , 495, 497 , 508 , 533, 549, 550 , 569 , 573 , 577 , 583 , 651 , 675, 676 ; 
cyanopus-550 ,583;  madagascar iensis-507 , 508 , 509, 51 1 , 524 , 525, 569, 570, 581 , 583, 596, 606 , 607 , 617 , 651 ;  phaeopus-478 , 
511,549,552,555,575,582,583,599,607,617,686;  tenui rostr is-555)  (NUMIDA  meleaq r is-518, 634 ;  pt i 1  or hyncha-546 , 
570)  (NUTRIA  sp-702,704)  (NYCTALUS  sp-7 37 , 744 , 758 ;  aviator-738;  lasiopterus-739 ;  max imus-740 , 74 4 ;  noctula- 7 4 6 , 
754,759)  (NYCTANASSA  s p-632, 639;  violacea-508 , 509 , 51 0 , 51 1 , 553 , 582 , 584 , 603 , 608 , 609 , 61 5, 647 , 654 , 776 )  (NYCTEA 

s p-616;  nyctea-656, 660,668,669;  scandiaca-656)  (NYCTEREUTES  sp-764,790;  procyono ides-765, 775, 789, 790, 797, 803, 
818)  (NYCTERIS  sp-744;  boreal is-7 55 , 756 )  (NYCTIBIUS  q rand  is- 584 , 669 )  (NYCTICEBUS  coucanq-750;  j avan icus-751 , 
754)  (NYCTICEIUS  sp-778;  do rmer  i-4 20 , 754 , 759 ;  humeral  is-7  35, 736, 753, 771 ;  kuhl i-420, 738 , 744 , 754 , 7  57 , 7  58 , 778 ; 
pall id us-7 53, 756)  (NYCTICORAX  sp-53 , 479 , 533, 546 , 621 , 628 , 639 , 640 , 650 , 654 , 672 , 781 , 801 , 803 , 809;  caledonicus-628, 
640,650;  gardeni-639;  gr iseus-650;  naevius-546 , 639;  nycticorax-477 , 510 , 544 , 545, 550, 563, 609 , 613, 61 5, 617 , 622, 
628,629,632,634,639,640,641,646,650,659,660,663,673,681,685,802,808;  procyonoides-802;  tayazuquira-620, 638; 
viol ace us- 5 32, 549)  (NYCTINOMUS  sp-737;  pi icatus-744 , 753 , 754 , 755, 756 , 757 , 758 , 759 )  (NYROCA  sp-479, 480, 483, 485, 
486,487,502,503,504,513,533,534,535,537,539,548,560,567,569,570,606,614,615,617,623,669,675,676,678,685; 
affinis-562,593,607;  americana - 4 8 0 ;  baeri-537;  clangula-498 , 685;  collar is-480 , 481 ;  ferina-490, 503, 508, 531, 
535,559,562,606,612,614,674,677,678;  f ul igula-490 , 500, 533, 559, 562, 596, 598 , 678;  hyemal is-498 ;  marila-489, 490, 
525,537,551,562,643;  nyroca-490 , 541 , 616, 671 ;  rufa-533, 559;  val isiner ia-478 , 481 )  (NYSTALUS  sp-577) 

(OBELIA  sp-148)  (OB LATA  melanura-7 2 , 95 , 1 1 2, 1 33 , 144 )  (OCADIA  s inensis-386 , 407 , 409 )  (OCHELOBIUS  elonqatus- 
226)  (OCHOTONA  rutila-736)  (OCHTHODROMUS  sp-485;  mongolus-551 )  (OCTOPUS  maorum-184)  (OCYURUS  chrysur us-85 , 1 1 5 , 
124,125,145,188,191,241,243,246,303)  (ODOBAENUS  rosmarus-7 26 , 727 )  (ODOCOILEUS  sp-700,720;  qymnotis-700; 

mexicanus-698 )  (ODONTOBUTIS  sp-240 , 547 , 765;  obscura-90, 91 , 172)  (ODONTOGADUS  merlanqus-126, 280, 310) 

(ODONTOPHORUS  capue i ra-582 )  (ODONTOSCION  dentex-103, 173)  (QDOSTOM IA  trif ida-305)  (OECETIS  sp-89)  (OEDICNEMUS 
crepitans- 675;  o id icnemus-579)  (OEDIPOMIDAS  oedipus-772)  (OEIDOZYGA  lima-341)  (OENANTHE  sp-611;  isabellina- 
577;  leucopyga-516)  (OENOMYS  sp-692)  (OENOPS  sp-540)  (OGCOCEPHALUS  cub i f rons-1 25, 1 91 ;  rad iatus-320)  (OIDEMIA 
sp-486,493, 498, "502, 504, 534, 536, 595, 617, 623, 678;  amer icana- 535 ;  deg  land i-550;  f usca-489 , 498 , 513 , 592 , 599 , 643 ; 
nigra-489,498,512,513,515,550, 557, 598;  perspicillata-515)  (OLIGOCOTTUS  maculosus-195)  (OLIGOPLITES  sp-311; 
albus-127;  aureus-83;  saur us-84 , 127, 151 , 294 )  (OLIVELLA  bipl icata-593, 596)  (OLOR  sp-486;  bewicki i-490; 

cyqnus-490 )  (ONCOIDES  minuta-775)  (ONCOMELANIA  hupensis-690;  nosophora-607 , 788 , 789 , 790 ;  quad rasi-691 ) 

(ONCORHYNCHUS  sp-1 38 , 280 , 281 , 299 , 305 , 330 ;  qorbuscha-276 , 281 , 288 , 31 5;  keta-1 39 , 281 , 779;  kisutch-192; 

macros tomus-1 34 ;  masou-1 39, 166 , 185, 281 ;  milktschitsch-281 ;  nerka-276, 315;  tschawytscha-281 , 286,288,305) 
(ONDATRA  s p-652, 767;  r i val ic ia-8 1 1 ;  z ibethica-490 , 566 , 695, 710, 71 5, 716, 734 , 735, 736, 738 , 739 , 745 , 760, 761 , 762, 763, 
765,767,768,772,785,793,795,796,800,804)  (ONISCUS  asellus-577)  (ONOS  mustelus-126, 159 , 192, 298 , 305, 321 ; 

tricirrhatus-28,29,194,223)  (ONOTRAGUS  sp-700,705,710;  leche-691 , 699, 701 )  (OOEIDOZYGA  laevis-351;  lima-426, 
822)  (OPHALACROCORAX  ol ivaceus-548 )  (OPHEODRYS  sp-359,360)  (OPHICEPHALUS  sp-66 , 89 , 21 3 , 330 , 622 , 628 , 629 , 640 , 802 , 
806;  argus-66, 794 ;  maculatus - 7 9 4 , 802, 807 ;  marulius - 9 0 ;  punctatus-28 , 66 , 93 , 97 , 133, 134, 140, 300 , 302, 639 , 641 , 642, 
794;  str iatus-176, 300,639,640,641,642,805,807)  (OPHICHTHUS  asakusae-165;  semicinctus-106)  (OPHICHTHYS  qomesi- 
109)  (OPHIDIUM  sp-320;  barbatum-309;  imberba-190)  (OPHIOCARA  aporos-545)  (OPHIODON  sp-280;  elonqatus-1 27, 225, 
230,286,288,320;  welshi-320)  (OPHIS  mer rem i~i-4 29 , 431 )  (OPHISAURUS  sp-359;  ventral is-359, 448 )  (OPISTHOGNATHUS 
s p-172;  scops- 177 )  (OPISTHONEMA  sp-282;  libertae-282;  oql inum-70 , 73 , 289)  (OPLADELUS  olivaris-89)  (OPORORNIS 
agilis-521;  Philadelphia- 52 3;  tolmiei-517)  (OPSANUS  sp-125;  beta-112,144,191,246,311;  tau-126, 243, 246, 295) 

(OPSARI ICHTHYS  sp-97 , 544 , 623 , 802 ;  unci rostr i s-1 33 )  (OPSOPOEODUS  sp-183)  (ORCA  orca-720 , 727 )  (ORCELLA 

brevirostris-793)  (ORCHESTIA  qammarel la-598 , 606 ;  platensis- 7 8 3 )  (ORCONECTES  lancifer - 1 9 9 ;  palmeri-344; 

propinquus-789 )  (OREINUS  s inua tus-375 , 640 )  (OREOCINCLA  dauma-630)  (ORIOLUS  sp-506,520;  chinensis-657; 
melanocephalus-669;  sinensis-59)  (ORISSA  sp-712)  (ORNITHORHYNCHUS  anatinus-767 , 783 , 823)  (ORPHIS  hoodensis- 
416)  (ORTALIS  ruf icauda-508)  (ORTHAGORISCUS  sp-261;  mola-62)  (ORTHETRUM  al bistyl urn- 369;  cancellatum-567; 
japonicum-368 )  (ORTHOPRISTIS  sp-85,125;  chrysopterus-7  2, 100, 101 , 10  5, 109, 144 , 246, 314, 320 )  (ORTHOSTOECHUS 
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macul icauda-238 )  (ORTYGOMETRA  porzana-531 )  (ORTYGONAX  sp-571,577)  (ORYCTOLAGUS  sp-719)  (ORYZIAS  sp-240; 
latipes-540,545,629,661,807)  (ORYZOMYS  sp-691)  (OSBECKIA  scripta-155)  (OSMERUS  sp-66 , 194 , 222 , 279 , 280 , 286 , 305 , 
649,677;  eper lanus-74 , 28 1 , 31 4 , 677 ;  mordax-222,  281,305)  (OSTEOCHILUS  sp-793)  (OSTEOLAEMUS  tetraspis-452, 467) 
(OSTICHTHYS  j aponi cus- 1 60 , 31 1 )  (OSTINOPS  decumanus-521 , 671 )  (OSTRACION  d i aphanum-7 5 ;  sebae-75;  tuberculatum- 
183)  (OSTREA  sp-232;  denselamel losa-231 ;  edulis-232;  q iqas-80 , 51 3 ;  lutar ia-223)  (OTARIA  byronia-725)  (OTUS 
sp-526, 567, 658;  asio-650;  bakkamoena-656;  vulgar  is-655)  (OVIS  sp-700,719;  ammon-736;  aries-485,690,694,698, 
700,705,711,712,713,719,720,774)  (OXYCHILUS  sp-516;  cel 1 ar i us-516 , 51 7 )  (OXYECHUS  voci f erus- 501 )  (OXYGASTER 
baca i la-2  33;  qora-57)  (OXYGYRUS  sp-144)  (OXYLABRAX  undec imal is-210)  (OXYHYCTERUS  sp-691;  questor-775) 
(OXYTREMA  sp-757,779;  c i rcuml ineat um-25;  s il icula-25 , 54 5 , 562, 593 , 779 )  (OXYURA  sp-486, 535, 536, 560, 675; 

jamaicensis-532;  leucocephala-527)  (OYAMIA  seminigra-744,748) 

(PACHYNATHUS  capistratus - 9 2 )  (PACHYUROMYS  duprasi-689)  (PACHYURUS  bana r i ensis-1 39 )  (PADDA  oryzi vora-53, 

530)  (PAGELLUS  sp-320;  erythr inus-1 44 ;  mormyr us-1 29, 134 , 144 , 184 )  (PAGROSOMUS  auratus-79, 80, 126;  major-260, 294 ; 
unicolor-58,111,126,170,188,241,294,321)  (PAGRUS  vulqaris-189)  (PAGUMA  larvata-791 , 816)  (PAGURUS 

hirsutiuscul us-781;  pubescens-286;  tinctor-448)  (PALAEMON  asperulus-89 , 172, 781 ;  long ipes-88;  nipponensis-89, 
781;  nipponicus-172)  (PALAEMONETES  pun iceus-781 )  (PALAMEDEA  cornuta-685)  (PALINURICHTHYS  sp-144, 175) 

(PALOMETA  media-224)  (PALONIA  f r ontal is-71 3 , 71 4 )  (PALUDESTRINA  acuta-606;  s taqnal is-514 , 550 , 598 , 599 , 606 ) 

(PALUDINA  sp-529;  impura-1 35;  vivipara-340,531,550)  (PALUDOMUS  obesa-689;  tang  i-301)  (PAMPUS  arqenteus-294) 
(PANCHAX  panchax-28 )  (PANDARUS  s p-194)  (PANDION  s p-670;  hal iaetus-548 , 554 , 566 , 612 , 61 3 , 623 , 647 . 652. 658 , 668 , 681 ) 
(PANGASIUS  buchanani-232,233;  nasutus-47;  pangasius-47 )  (PANTHERA  sp-790;  leo-822;  pardus-822)  (PANURUS 

barbatus-505;  biarmicus-521 )  (PAPHIA  sp-513;  phil ippinarum-512)  (PAPIO  sp-711;  doguera-691 ;  sphinx-711,777) 

(PARABASSOGIGAS  grandis-297)  (PARABRAMIS  sp-3 0 , 628 , 629 ;  br amula-806 , 807 )  (PARABUTEO  un ic inctus-656 ) 

(PARACALLIOPE  f 1 uv ia t i 1 i s-1 71 )  (PARACENTROTUS  lividus-111)  (PARACHAENICHTHYS  cha rco t i-1 29 , 305 )  (PARACHAETODON 
ocellatus-106, 243)  (PA RAC HE  I LOGNATHUS  sp-240, 765)  (PARACIRRHITES  f o r ste r  i-1 90 , 309 )  (PARADOXURUS  grayi-788; 
hermaphroditicus-731,763)  (PARAEMONETES  pug io-594 , 781 )  (PARAFOSSARULUS  eximius-816;  manchur icus-765, 794 ; 
striatulus-763,816)  (PARA LAB RAX  sp-1 74 , 190 , 191 , 31 1 ;  clathratus-95;  hun\eralis-286,310;  macul a to  fa sc iat us-170 , 
290,312;  macul o fasc iatus-1 90 )  (PARALABRUS  nebul i f er-1 69 )  (PARALICHTHYS  sp-175,310;  albiqutta-241 , 281 , 303 , 320 ; 
albiguttatus-124,166,232;  bras i 1 iensis-241 , 288;  cal i fornicus-1 24 , 233, 241 ;  dentatus-124, 166, 17  5, 246, 295,  311; 
lethost igmus-1 24,232,234,311,322;  oblongus-7 0 , 11 4 , 282 , 297 ;  ol ivaceus-165, 296;  pataqonicus-269;  scorpaena-223) 
(PARANTHIAS  sp-311;  f ur c i f er-1 49 , 170 , 292 )  (PARAPERCA  sp-293)  (PARAPERCIS  col ias-70 , 1 30 , 18 5 , 297 ;  ommatura-175, 
176;  pulchella-175,185,188)  (PARAPRIACANTHUS  be  rye i f o rm is-1 1 5 )  (PARAPRISTIPOMA  t r i 1 inea tum-64 , 150 , 1 52 , 170 , 176 , 
185)  (PARASILURUS  sp-623, 649, 802;  aso tus-88 , 90 , 1 35, 218 , 233 , 240 , 24 5, 330 , 6 52 , 678 , 809 ;  baqrus-90)  (PARATHELPHUSA 
sp-738;  ceylonensis-370;  qermaini-791;  sinensis-788)  (PARATHUNNUS  sibi-25, 250, 251 , 252, 253, 257 , 261, 262, 267 , 

268)  (PARATRACTUS  caballus-1 25)  (PARAUCHENOGLANIS  quttatus-337)  (PARDIRALLUS  macul atus- 504 )  (PAREXOCOETUS  sp- 
276;  mesog aster-1 14 , 116 )  (PAROARXA  capitata-506)  (PARONIA  frontal is-705)  (PAROPHRYS  vetulus-70, 111, 159) 
(PARRA  af ricana-535;  jacana-490 , 571 )  (PARUPENEUS  sp-311;  barber inus-177;  bi fasc iat us-31 5;  chrysed ros-1 09 , 175; 
chryserydros-178, 268 ,309;  chrysonemus-1 69, 177 , 178;  indicus-100 ,195;  mul t if asc iatus-1 00, 177, 178 , 244,635; 
pi eurostigma-1 00 ,101,169,177;  porphyreus-100 , 177 , 315)  (PARUS  sp-520, 524, 526, 527;  atr icapil lus-522, 581 ; 

cyanus-574 ;  major-522,574,611;  palustris-575)  (PASSER  sp-493 , 506, 516, 520, 524 , 526, 546, 567 , 572, 574 , 581 , 611, 719; 
domesticus-506, 516, 517, 520, 521, 525, 568, 572, 579, 580, 585, 586, 590, 656, 730;  hypsaniolensis-572;  montanus-480 , 484 , 
498,508,521,525,526,569,578,579,580,611)  (PASSERCULUS  sandwichensis-576 )  (PASSERELLA  sp-577;  iliaca-576) 
(PASSERINA  sp-520)  (PASTOR  sp-506;  roseus-577)  (PATELLA  sp-79)  (PAURPENEUS  indicus-177;  porphyreus-178)  (PAVO 
sp-507 , 567 ;  c r i sta tus-579 )  (PAVONCELLA  puqnax-496)  (PECTEN  i rrad ians-550, 613)  (PEDETAITHYA  q r  ise iqena-541 ) 
(PEDIOECETES  phasianellus-571)  (PELAGIA  noctiluca-61 )  (PELAMYS  sa rda-264 , 290 , 324 )  (PELATES  sp-800,807; 
quadril ineatus-636)  (PELECANUS  sp-548 , 567 , 621 , 628, 630, 639 , 643, 649 , 653, 654 , 685, 799, 812;  aquila-626; 

conspicillatus-545, 636, 653;  cr ispus-545;  erythrorhynchos-554, 566;  occidental is-484 , 613, 632, 637 , 646; 

onoc ro talus-48  3 , 545,592,612,613,614,616,620,627,629,630,634,640,644,677;  or iental is-625, 646;  phil ippensis- 
528,546,554,612;  r uf escens-2 16 , 54 5 , 634 , 64 0 , 647 ;  sula-631)  (PELECUS  sp-88 , 17 3 , 197 , 222 , 649 , 660 , 795;  cultratus- 
25,89,653,795)  (PELIDNA  sp-595;  a  1  pi na-505 , 605 )  (PELOBATES  sp-96, 424 , 669, 818;  f uscus-363, 369)  (PELOMEDUSA 
galeata-397;  subrufa-397)  (PELOMYS  sp-692)  (PELOPHYLAX  sp-340)  (PELOTRETIS  f lavilatus-71)  (PELTEOBAGRUS  sp- 
330;  fulvidraco-172;  nud iceps-176, 300)  (PELUSIOS  niqricans-413, 450, 459)  (PENAEUS  duorarum-175, 204) 

(PENTANEMUS  quinquarius-171 )  (PEPRILUS  sp-144, 293;  paru-290)  (PERAMELES  nasuta-775;  obesula-731)  (PERCA  sp-66, 
88,90,96,97,135,137,138,173,197,203,222,223,225,234,237,279,541,621,639,649,650,652,653,660,661,663,801; 
flavescens-25, 91, 97, 135, 137, 138, 237, 325, 566, 607, 621, 638, 651, 659, 664, 780, 801;  fluviatilis-88, 138, 222, 280, 284, 
639,653,662,677;  marina-190)  (PERCALATES  sp-652)  (PERCARINA  sp-630)  (PERCICHTHYS  t rucha-1 35 , 28 , 214 , 663 , 667 ) 
(PERCINA  sp-91 ;  caprodes-89 , 1 39 , 193 )  (PERCIS  j aponicus-1 90 )  (PERCOPSIS  sp-91;  omiscomaycus-1 39 , 237 , 651 , 676 ) 
(PERCOTTUS  sp-139)  (PERDIX  sp-518;  barbata-518;  cinerea-570;  coturnix-518;  daurica-517 ;  qraeca-685;  perd ix- 
518,527,567,570,573;  ruf ina-516)  (PERFORATELLA  b idens-731 , 7 34 )  (PERICROCOTUS  r oseus-524 , 571 , 58 6 )  (PERINGIA 
ulvae-624 )  (PERISOREUS  sp-517;  obscurus - 5 2 1 )  (PERISTEDION  sp-180;  imberbe-282;  long ispathum-296;  miniatum-78, 

296;  platycephalum-114, 296)  (PERLA  lawae-753)  (PERNIS  sp-670;  apivorus-531 , 545, 614 , 671 )  (PEROMYSCUS  sp-719; 
gossypinus-734 ,776;  guatemalensis-730;  leucopus-71 9, 731 , 732, 733 ;  maniculatus-513, 695, 731 , 733, 775, 804) 

(PEROPTERYX  canina-746;  kappler i-746 , 748 )  (PETROCHELIDON  ariel-524)  (PETROMETOPON  c r uen ta tus-1 88 )  (PETROMYZON 
fluviatilis-663;  marinus-194)  (PETROPEDATES  natator-349)  (PETROPEDITES  na ta to r-358 , 369 )  (PETTANCYLUS  sp-820; 
assimil is-819)  (PHACELLODOMUS  sp-579;  ruber-579;  r uf i f rons-579 )  (PHACOCHOERUS  aethiopicus-704 ;  a f r icanus-704 ) 
(PHALACROCORAX  sp-505, 539, 546 , 563 , 567 , 617 , 621 , 623 , 624 , 625, 628 , 630 , 6 39 , 640 , 64 3 , 649 , 654 , 671 , 676 , 677 , 685 , 809; 

africanus-478, 540, 54 1,641, 653, 679;  a r istotel is-627 , 670;  ater-539 , 628 ;  aur itus-566 , 614 , 632, 638 , 646; 

brasiliensis-534;  capillatus-539;  £arbo-478 , 531 , 535, 539, 540 , 541 , 544 , 546 , 564 , 616, 622, 629 , 630 , 634 , 659, 674 , 677; 
f ilamentosus-564;  levaillanti-640;  melanoleucus-524, 535, 539, 540, 630 , 809;  niqer-479 , 548 , 613, 616, 643, 644 , 653, 
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679;  olivaceus- 654,667;  pelag icus-564 , 565,613,627;  penicillatus- 640;  pyqmaeus-54, 539,540;  sulcirostris-535, 
540;  ur ile-564 ,565;  varius-636;  vigua-548 , 549 , 640 )  (PHALAROPUS  sp-486 , 505 , 596, 605;  hyperboreus-525;  lobatus- 
525,606)  (PHALERIS  sp-612)  (PHALLOCEROS  caud imaculatus-540 , 631 )  (PHANERODON  f urea tus-1 1 1 )  (PHAROMACRUS 
mocinno-669 )  (PHASIANUS  sp-506, 516 , 518 , 521 , 536 , 567 , 685;  chrysomelas-574;  colchicus- 5 3 3 , 536, 539 , 568 , 574 , 763; 
gall us-518 , 531 ;  mongol icus-568 ;  torquatus-616)  (PHIALIDIUM  hemispher icum-1 48 )  (PHILACTE  canaq ica-490) 
(PHILAMYCUS  bilineatus-518)  (PHILANDER  lan iqer-7 51 , 776 , 793 ;  opossum-769, 783, 788 , 790, 793, 824 ;  t r ini  tat is-776) 
(PHILODRYAS  sp-431;  scho tt i-4 18 , 429 )  (PHILOHELA  m inor-5 53 , 681 )  (PHILOMACHUS  sp-486 , 496 , 520 , 534 , 535 , 548 , 567 , 
598,675,766;  pugnax-490 , 497 , 520, 525, 532, 575)  (PHILONICUS  s p-360)  (PHILYPNODON  sp-1 67 , 217 , 652 ;  q rand iceps-540 ) 
(PHIMOSUS  infuscatus-531 )  (PHISICULUS  bachus-295)  (PHOCA  sp-727;  barbata-727 , 793 ;  caspica-624 , 766 , 783 , 803; 
groenlandica-797;  hispida-796, 797;  vi tul ina-624 , 760 , 796 , 797, 801 , 803, 81 1 )  (PHOCAENA  phocaena-725,793,797; 
vomerina-727)  (PHOCAENOIDES  dall i-725, 727 , 729)  (PHOENICOPTERUS  roseus-489 , 534 , 551 , 559;  ruber-487,495,510,513. 
530)  (PHOENICURUS  sp-611)  (PHOLAS  candida-73)  (PHOLIDAPUS  sp-564;  dybowsk i i-56 5 )  (PHOLIS  sp-280,564;  pictus- 
565)  (PHOXINELLUS  kervillei-185)  (PHOXINUS  sp-1 17, 135, 222, 330, 660;  czekanowski i-183 , 792 ;  laevis-133; 
lagowskii-183,185,200,286;  phox inus-200, 652 , 677 )  (PHOYX  purpurea-640)  (PHRAGMITICOLA  sp-526)  (PHRYGANEA  sp- 
367,370,758;  f lavicornis-373;  grand is-360, 758 )  (PHRYNOBATRACHUS  sp-361)  (PHRYNOMERUS  sp-361)  (PHRYNOPS 
geoffroana-440,453)  (PHYCIS  chuss-194;  cirratus-125)  (PHYLLODACTYLUS  europaeus-418 )  (PHYLLODRYAS  schotti-418) 
(PHYLLOPEZUS  a fr icanus-571 )  (PHYLLOSCOPUS  sp-611;  boreal is-522)  (PHYLLOSTOMUS  hasta tus-735 , 784 )  (PHYRNE  sp- 
340)  (PHYSA  s£-96, 340, 344, 379, 388, 430, 482, 484, 531, 532, 534, 550, 647, 656, 691, 697, 763, 820;  acuta-357 , 373; 
alexandrina-536,697,712;  ampullacea-35,482,820;  anatina-65, 821 ;  coni formis-481 ;  fontinalis-487,488,529,534, 
563,676;  gyr i na-353 , 354 , 362 , 388 , 4 33 , 4 34 , 436 , 437 , 44 0 , 48 2 , 484 , 488 , 535 , 558 , 657 , 660 , 661 , 678 , 760 , 820 ;  halei-433, 
436,442,761;  heterostropha-344 , 661 ;  inteqra-379, 388 , 434 , 435, 436 , 535;  micropleura-697,712;  occidentalis-529; 
pa rkeri- 363, 441, 488, 536, 67 6, 715;  propinqua-440 , 651 ;  r ival is-531 , 532, 533, 762;  sayi i-363 , 435, 661 , 676; 
str igosa-689 , 691 ;  tchad iensis-689 )  (PHYSALIA  utr iculus-61 )  (PHYSELLA  ancil lar ia-435, 437 ;  gyr ina-435, 437 , 482; 
heterostropha-435,503;  integra-440,441;  magnalacustris-482,488;  parker i-4 35, 437, 482;  utahensis-353) 
(PHYSETER  catodon-725)  (PHYSICULUS  bachus-126;  barbatus-286 , 292 , 321 )  (PHYSOCHOERUS  tubulatus-94 )  (PHYSOPSIS 
s p-479, 691 ;  af r  icana-375, 536 , 689, 690, 691 , 71 9;  globosa-689, 692;  nasuta-689 , 690 )  (PHYTOSCOPUS  trochilus-590) 
(PIARACTUS  sp-46;  brachypomus-49 , 59 )  (PIAYA  cayana-533 , 586 , 657 )  (PICA  sp-493, 506, 507 , 517 , 567;  caudata-573; 
pica-4  98, 505, 516, 517, 522, 526, 527, 547, 567, 568, 570, 57  2, 57  3, 577, 579, 581, 597, 612, 617, 64  4, 658, 671, 793)  (PICOIDES 
sp-520)  (PICTADA  mertensi i-223 )  (PICUS  sp-520;  canus-575;  viridis-579)  (PILA  ampullacea-762;  conica-761; 
luzonica-761;  scutata-530)  (PILHERODIUS  sp-546)  (PIMELODELLA  metae-244)  (PIMELODUS  sp-46;  clarias-139, 244, 
298)  (PIMELOMETOPON  pulcher-1 44 , 158 )  (PIMELOPTERUS  tahmel-1 57 , 181 )  (PIMEPHALES  sp-234 , 647 , 664 ;  notatus-659; 
promelas-659,664)  (PINCTADA  f uscata-223)  (PIPA  americana-362)  (PIPILO  sp-521, 546, 580;  erythrophthalmus-573, 
574,579)  (PIPISTRELLUS  sp-7 37 , 74 4 , 750 , 753 , 755, 758 ;  abramus-744 , 754 , 759 ;  kuhli-759;  nanus-735,773; 
pipistrell us-755, 823;  pulveratus-754;  r uppel i i-747 , 759;  savii-757;  subf lavus-744 , 757 )  (PIPRA  rupicola-578 ) 
(PIRANGA  sp-521, 577)  (PIRENELLA  sp-620,799;  conica-636, 799)  (PISANIA  maculosa-1 46 )  (PISIDIUM  sp-1 37 , 138, 139 , 
344,345,346,347;  albidum-347;  amnicum-138;  idahoense-348;  noveboracensis-137 ;  pusillum-347)  (PISOBIA  sp-596; 
minut i lla-599 )  (PISODONTOPHIS  cancrivora-106)  (PITANGUS  sul f ureus-545;  sulphur at us- 6 5, 656)  (PITHECOPHAGA 
jefferyi-631,811)  (PITHECUS  sp-628)  (PITYMYS  subterraneus - 7 1 5 )  (PLAGIOGENEION  rubiqinosus-65)  (PLAGYODUS 
f erox-280 )  (PLANANISUS  isinqi-763)  (PLANARIA  sp-96 , 529 , 760 ;  polychroa-369)  (PLANESTICUS  miqratorius-517 , 731 ) 
(PLANORBARIUS  sp-479,656;  me t id  iens is-689 )  (PLANORBIS  sp-98 , 340 , 348 , 349 , 355 , 362 , 367 , 438 , 479 , 486 , 488 , 531 , 532, 
535,537,639,656,689,691,692,697,711,761,763;  abyssinicus-691 ;  adowensis-691 ;  albus-536;  antiquensis-691; 
boissyi-357,538,672,689,691;  car inat us-96, 488, 529,678;  choanomphalus-691 ;  coenosus-721 ;  compressus-341 , 697, 
760;  conf usus-362;  contortus- 5 6 3 ;  corneus-486 , 493 , 503, 529, 632, 534 , 536 , 537, 563, 663, 670, 675, 676 , 689;  dufourii- 
689;  ex us tus- 692, 704;  immunis-654;  isingi-680;  kahuika-699;  leucostoma-697;  mareoticus-689;  me tid iensis-689; 
nitidus-340,563;  ol ivaceus-532, 540 , 541 ;  paruus-351;  pfei ffer i-691 , 692;  planorbis-66, 351, 358, 438, 503, 534, 536, 
547,563,651,658,659,660,669,674,675,678,681,697,698,712,818;  quadelupensis-691 ;  rotundatus - 4 8 6 ;  r uppell i i-691 ; 
septemgyratus-563;  stanleyi-691 ;  tanqanikanus-536 , 691 , 692;  trivolvis-93, 199, 396, 521, 535;  vortex-710,818) 
(PLANORBULA  a rm iq er a-350 , 67 2 , 81 9 )  (PLANURUS  sp-505)  (PLATA LEA  sp-547 , 662, 68 5 ;  ajaja-562;  leucorod ia-547 , 569, 
592,622,654,802;  regia-592)  (PLATANISTA  qanqetica-730)  (PLATAX  sp-84 , 126, 224 )  (PLATESSA  sp-70, 80, 95,  111,  116 , 
148,233,300,310;  platessa-70 , 72 , 81 ;  quadrituberculata-95)  (PLATHEMIS  1yd ia-351 , 368 )  (PLATICHTHYS  flesus-624; 
stellatus-232, 283,320)  (PLATOPHRYS  sp-191)  (PLATYCEPHALUS  sp-170;  bassensis- 1 8 9 ;  indicus-231 , 234 , 250, 292 ; 
insid iator-1 47;  townsend i-310)  (PLATYCICHLA  f lav ipes-577 , 580)  (PLATYRHINOIDIS  triseriatus-92) 
(PLATYSOMATICHTHYS  sp-279,286)  (PLATYURUS  sp-417)  (PLECOGLOSSUS  sp-240 , 545 , 547 , 629 , 765 ;  al t ivel is-193 , 245, 629 , 
808)  (PLECOSTOMUS  commer soni-1 45 , 300 ;  plecostomus-35, 300;  punctatus-48 )  (PLECOTUS  sp-737 , 744 , 748 , 753, 758; 
aur it us-73 9, 757 )  (PLECTOPTERUS  qambensis-502)  (PLECTORHYNCHUS  sp-1 01 , 104 , 187 , 1 97 , 198 ;  cinctus-101;  qoldmani- 
145;  pi_ctus - 103,105,152,187,191,195)  (PLECTROPLITES  sp-652)  (PLECTROPOMUS  sp-187,230;  macul atus-192 , 194 , 216 ) 
(PLECTROPTERUS  qambens i s-48 2 , 484 , 61 4 )  (PLEGADIS  sp-521 , 547 , 639 , 68 5 ;  f a lc inel lus-495 , 499 , 505 , 527 , 547 , 569 , 671 , 
672)  (PLETHODON  sp-203,359;  c i nereus-3 59 , 360 ;  erythronotus-359;  qlutinosus-359, 360)  (PLEUROBRACHIA  sp-148; 
pi leus-148 )  (PLEUROCERA  sp-68,508;  acuta-68 , 1 35 , 462 , 507 , 590 , 64 5 )  (PLEUROGRAMMUS  azonus-186;  monopteryq ius-82 ) 
(PLEURONECTES  s£-70 , 80 , 81 , 95 , 111 , 116 , 124 , 187 , 1 90 , 230 , 233 , 286 , 300 , 303 , 305, 649 , 802 ;  f lesus-23, 90 , 1 38 , 186 , 193; 
1 imanda-23, 70 , 84, 124, 281, 286;  maximus-1 25, 281 ;  microcephalus-67 , 72, 111 ;  platessa-1 11 , 125, 194 , 624 ;  stellatus- 
111)  (PLEURONICHTHYS  cornutus-7 5 , 187 , 231 ;  decur rens-70 )  (PLOTIOPSIS  sp-535;  tatei-545)  (P LOTOS US  anquillaris- 
115,176,184,305)  (PLOTUS  sp-546;  anh i nqa-531 , 537 , 566 , 61 6;  novaehollandiae-638;  sur inamensis-532)  (PLUVIALIS 
fulvus-537)  (PNEUMATOPHORUS  sp-293,305;  qrex-1 61 , 293 ;  japonicus-1 27 , 148 , 149 , 310 )  (PODACRIS  mural is-418) 
(PODARCIS  sp-421)  (PODARGUS  striqoides-531 , 670)  (PODICEPS  sp-479 , 50 5 , 537 , 539 , 548 , 567 , 617 , 623 , 639 , 649 , 650 , 651 , 
662,663,685,809;  auritus-545;  austral is-540;  cristatus-484, 532, 541, 545, 549, 612, 662, 663, 677;  dominicus-541 , 640, 
663;  fluviatilis-541;  qr ise iqena-504 , 532, 541 , 544 , 662, 663;  minor-531,541;  n  iqr icoll is-504 , 544 , 66  3, 68  5; 
novaehollandiae-496;  pol iocephalus-496 , 540;  r uf icol 1 is-541 , 545, 547 , 584 , 606 , 616, 630, 661 , 781 )  (PODILYMBUS 
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pod iceps-484, 503,540, 541, 544,618)  (PODIOECETES  sp-516)  (PODOCNEMIS  sp-394,397;  dume r i 1 iana- 394 ;  expansa-392, 
394,408,440,441,443;  tracaxa-394 , 399;  un i f i  1 is-443)  (PODOTHECUS  sp-233,300;  ac ipenser inus-81 , 171 , 230 ) 

(POECILICHTHYS  sp-237)  (POEC I LONETTA  sp-485,615;  bahamensis - 5 5 9 )  (POGONIAS  c rom i s-1 09 , 1 28 )  (POLIOCEPHALUS 

ruf icol 1 is-643 )  (POLLACHIUS  sp-28 , 279 , 280 , 305)  (POLYACANTHUS  sp-802)  (POLYCERA  sp-144)  (POLYDACTYLUS 

plebeus-228;  sexfil is-231 )  (POLYGORDIUS  sp-280)  (POLYGYRA  sp-731;  albolabris-732,733;  alternata-732; 

pro£unda-733;  texas iana-360 , 574 ;  thyroides-4  4  2, 730, 731 , 732, 73  3)  (POLYMITARCYS  sp-138)  (POLYMIXIA  sp-193; 

japonica-117, 126,180,184,282,283;  lowei-117)  (POLYNEMUS  approximanus-175;  i nd icus-311 , 328;  octonemus-175; 

opercular  is- 2 30)  (POLYODON  sp-640;  spathula-298)  (POLYPEDATES  bue rger i- 346 , 361 , 365 , 367 ;  leucomystax-822) 
(POLYPRION  oxygeneios-161, 295)  (POLYPTERUS  bichir-118)  (POLYPYLIS  hemisphaerula-484 )  (POLYSTICTA  stelleri-678) 
(POMACANTHUS  annul  a r i s-33 5;  arcuatus-31 , 45 , 59 , 72, 73 , 90 , 119, 120 , 188 , 285;  aureus-31 , 45, 72, 119;  fuscus-42; 
leucostictus-42;  paru-72, 73, 120,285;  planif rons-42;  rectifraenum-42;  xanthurus- 4 2 ;  zonipectus-287)  (POMACEA 
glauca-545;  paludosa-542)  (POMACENTRUS  inornatus-302;  jenkinsi-42, 302;  leucost icus-288 ;  perspic il la t us- 302) 
(POMADASYS  hasta-100,101,152,320;  jubel ini-58, 100 , 106, 195, 205;  ol ivaceus-292, 293)  (POMATIOPSIS 

cincinnatiensis-789;  lapidar ia-690 , 718 , 788 , 789, 804 )  (POMATOMUS  sp-124, 144, 175, 311;  sal tatr ix-83, 232, 281 ) 

(POMATOSTOMUS  supercil iosus-520, 524 )  (POMOLOBUS  pseud oha r eng us-24 6 , 31 4 )  (POMOLUBUS  sp-175)  (POMOTIS  vulgaris- 
638)  (POMOXIS  sp-237;  annul  a r is-1 38 , 239 ;  n ig romacul at us-49 ;  sparoides-139)  (PONGO  pyqmaeus-777 )  (PONTINUS  sp- 
180)  (PONTOGAMMARUS  crassus-783)  (POPPELLA  guernei-284)  (PORICHTHYS  sp-305)  (PORONOTUS  sp-1 44 , 17 5, 29 3 ; 
triacanthus-293)  (PORPHYRIO  sp-617;  martinicus-530;  melanotus - 5 3 2 ;  parvus-530;  pol iocephalus-540;  porphyr io- 
571,616)  (PORPHYRIOLA  martinica-531)  (PORPHYRULA  sp-521;  alleni-533;  martinica-530 )  (PORUS  major-589) 
(PORZANA  sp-494,520,535;  ba i 1 Ion i-505;  carol ina-487 , 521 , 542, 577;  maruetta - 5 2 1 ;  parva-615;  porzana-487 , 505, 546, 
582;  pusilla-486,500,531)  (POTAMOBIUS  sp-184)  (POTAMOCHOERUS  porcus-704)  (POTAMON  sp-738 , 789 , 790 , 791 ; 
dehaani-780 , 787,788,790,791;  dent iculatus-788 , 791 ;  johorense-788;  obtusipes-780;  rathbuni-788;  sinensis-789; 
smithianus-788 ,789;  yaanensis-791 )  (POTAMOPYRGUS  sp-167;  ant ipodum-167 , 171 ;  bad ia-167 , 171 )  (POTAPOMOIDES  sp- 
347)  (PRANESUS  insularum-212)  (PRAOMYS  sp-692;  tullbergi-776)  (PRATICOLLELA  berlandieriani-360, 574) 

(PRIACANTHUS  s£-311;  a rena tus-1 1 5 , 180 , 223 ;  boops-179, 276, 303;  crenatus-83;  cruentatus - 8 3 , 179, 180, 291 ;  hamrur- 
311;  tayenus-256)  (PR IONAI LURUS  bengalensis-788 )  (PRIONODES  sp-160)  (PRIONOTUS  sp-180, 190, 281 ;  c r uenta tus-281 ) 
(PRISTIPHORUS  cirratus-67)  (PRISTIPOMA  hasta-67, 176, 242;  operculare-173;  t r il ineatum-260)  (PRISTIPOMOIDES 
microlepis-184,238,266,313,326;  sieboldii-160, 266;  typus-160, 238 , 243 , 326)  (PRISTIS  cuspidatus-125; 

pectinatus-635)  (PROCAMBARUS  bland ing i-1 99 ;  clarki i-199 , 203, 344 , 435, 607 )  (PROCERODES  warreni-145) 

(PROCHILODUS  platensis-24, 35)  (PROCNIAS  nud icol 1 is-579 )  (PROCTOPUS  nig ricoll is-544 )  (PROCTOSTEGUS  proto typus- 
61)  (PROCYON  sjd-203, 693;  lotor-518 , 594 , 60 3 , 632 , 633 , 693, 731 , 754 , 768 , 775, 776 , 779 , 780 , 781 , 783 , 785, 789 , 795 , 801 , 
803,804,809,811,812,820,821,822)  (PROFORMICA  nasuta-771)  (PROGNE  sp-577;  chalybea-573, 577 , 580 )  (PROGNICHTHYS 
s p-277)  (PROMENETUS  exacuous-819, 822)  (PROMICROPS  sp-311;  quttatus-235, 265;  i ta iara-1 26 , 231 )  (PROMOPS 

centralis-735)  (PRONOTOGRAMMUS  sp-180, 315;  aureorubens - 3 1 5 )  (PROSOPIUM  sp-138)  (PROTERORHINUS  marmoratus - 1 8 5 , 
678)  (PROTEUS  anguinus-185)  (PROTOCLEPSIS  tessellata-679)  (PROTOPSETTA  her zenste i n i-81 , 234 )  (PROTOPTERUS 
aethiopicus-77;  annectens-77 )  (PROTOSALANX  hyalocranius-235)  (PRUNELLA  atrogularis-577;  modularis-522, 579, 
582)  (PSAMMECHINUS  m ic ro tube rcul a tus-1 1 1 ;  mi 1 ia r is-1 1 1 )  (PSECTROTANYPUS  varius-524)  (PSENOPSIS  anomala-294, 
318)  (PSETTODES  arumei-225;  belcher i-225;  erumei-90, 228, 231)  (PSEUDACRIS  sp-342, 359, 360, 651 , 804 ;  br imleyi-359 ; 
nigrita-355,535,820;  occidental is-43 3, 436;  t r iser ia ta-355, 359 , 535)  (PSEUDAMMONICOLA  similis-606) 

(PSEUDAMNICOLA  compac ta-1 74 )  (PSEUDAPHRITIS  sp-652;  ur v il 1 i i-1 77 )  (PSEUDASPIUS  sp-330;  1 eptocephal us-90 , 135 ) 

(PSEUDEMYS  sp- 381,407,413;  el egans-381 , 396 , 407 , 44 1 , 44 2 , 44 3 ;  flor idana-381 , 396 , 407 , 413 ;  hieroglyphica-380, 381; 
ornata-440;  picta-396;  scripta-379 , 381 , 388 , 440 , 441 , 44 2;  t roost i i-381 , 388, 396, 407 , 435, 440 , 442 , 443)  (PSEUDIBIS 
papillosa-544,548,563,650,671)  (PSEUDIS  sp-346;  merid ional is-393 ;  paradoxa-341, 352, 355)  (PSEUDOBAGRUS  sp-90, 
224,330;  aurant iacus-88 , 140 , 678 ;  f ulvidraco-140, 199)  (PSEUDOCAMBARUS  clarkii-789)  (PSEUDOGOBIO  sp-240, 547 , 639 , 
765;  esocinus-98 , 185;  rivularis-617)  (PSEUDOGRAMMUS  azonus-171)  (PSEUDOGYPS  sp-657;  af r icanus-658 , 670 , 671 ; 
bengalensis-628,670,674)  (PSEUDOLABRUS  cel idotus-188;  coccineus-183;  japonicus-176;  pittensis-158;  tetricus- 
158)  (PSEUDOMUGIL  sp-652;  s iqni f er-627 , 805 )  (PSEUDOPERILAMPUS  sp-544,802;  typus-643)  (PSEUDOPIMELODUS  sp-119; 
roosevelti-245)  (PSEUDOPLATYSTOMA  t ig r inus-220 )  (PSEUDOPLEURONECTES  sp-1 16, 124 , 175. 187 ;  americanus-70, 125, 
128,145)  (PSEUDOPRI ACANTHUS  nipponicus-1 79 )  (PSEUDORASBORA  sp-97 , 240 , 544 , 54 5 , 629 , 765 , 800 , 802;  pa rva-1 4 1 , 224 , 

226,245,544,547,616,617,622,628,634,643,644,765,794,795,806,808,812)  (PSEUDORCA  crassidens-7 29 ) 

(PSEUDORHOMBUS  sp-231;  c innamomeus-1 44 , 231 ;  pentophthalmus-180, 286, 295)  (PSEUDOSALAMANDRA  ste j neqer i-361 , 362) 
(PSEUDOSCAMBARUS  bland ing i-789 )  (PSEUDOSCAPHIRHYNCHUS  sp-653,662)  (PSEUDOSCARUS  sp-42;  coelestinus-42; 

guacamaia-31, 41 , 42;  har id-51 , 60 , 89 , 207;  perrico-42;  plumbeus-31)  (PSEUDOSUCCINEA  sp-344 , 693, 732;  columella- 
344,350,358,433,442,530,693,697,719,720,761)  (PSEUDOTANTALUS  ibis-544)  (PSEUDOTHELPHUSA  chilensis-790; 

iturbei-788,789;  richmondi-790)  (PSEUDOTRITON  sp-344 , 359 , 360;  montanus-346, 347;  ruber-346,347) 

(PSEUDOTROPIUS  sp-91;  a theno ides-223 , 247 ;  garua-233, 235;  taakree-234)  (PSEUDUPENEUS  sp-292,311;  maculatus - 1 7 5 , 
281)  (PSEUDURIA  carbo-613)  (PSITTACULA  krameri-560)  (PSODEUTROPIUS  taakree-247)  (PSOPHIA  viridis-571) 
(PTEROCAESIO  tile-150)  (PTEROGLOSSUS  torquatus-579)  (PTEROIS  r ussel 1 i-1 96 ;  sphex-313;  vol i tans-187 ) 

(PTERONOTUS  davyi-749)  (PTERONURA  brasil iensis-803)  (PTEROPTERYX  canina-784)  (PTYADENA  sp-374,639)  (PTYAS 
dipsas-446;  ko r ros-425, 426, 432;  mucosus-361 , 422 , 423 , 425, 426, 432, 446, 449 . 454 ;  variegatus-419)  (PTYCHADENA  sp- 
355,357,361,448,639)  (PTYCHOCHEILUS  qrandis-184;  oreqonensis-659)  (PUFFINUS  sp-809,812;  qriseus-680;  kuhli- 
478,541,612,625,635;  leucomelas-625, 630;  nativitatis-630;  puf £inus-613)  (PUNGITIUS  sp-660;  pung it i us-137 , 281 ) 
(PUNGTUNGIA  sp-2 4 , 76 , 54 7 )  (PUNTIUS  sp-793;  chaqun io-1 88 ;  sem i fasc iola tus-623 , 629 , 805, 807 ;  sophore-97, 200) 

(PURPURA  lapillus-510)  (PUTORIUS  sp-764;  putor ius-795 , 796 , 797 )  (PYGMANISUS  pelor i us-699 )  (PYGOSCELIS 

antarctica-613)  (PYGOSTEUS  sp-222;  pung  i  t  ius-644 )  (PYRAZUS  austral is-477, 551)  ( PYRGOPH YS A  sp-691;  forskali- 

691)  (PYRODERUS  scutatus-654 , 671 )  (PYRRHEROIDES  man i 1 ensi s-622 )  (PYRRHOCORAX  sp-506 , 51 6 , 517 )  (PYRRHULA  sp-520; 
pyrrhula-573)  (PYRRULA  sp-517)  (PYTHON  sp-421;  molurus-432;  reticulatus-432;  sebae-432) 
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(QUERQUEDULA  s£-4 80 , 48 5 , 486 , 487 , 502, 521 , 534 , 536 , 537 , 560 , 676 ;  c i rcia-490 , 530 ;  crecca-537, 541 ;  cyanoptera- 
568,569;  d iscor s-4 8 2 , 487 , 488 , 490 , 504 , 52 1 , 537 ;  f alcata-61 4 , 617 ;  querquedula-482, 483, 488, 569, 671)  (QUICKELLA 

sp-521)  (QUISCALUS  sp-611;  qu iscula-505, 507 , 577 ;  versicolor-574,650) 

(RABDOSARGUS  sarba-150)  (RACHYCENTRON  sp-124;  canadus-1 22, 1 25 , 160 , 166 , 243 , 267 , 325)  (RADIX  sp-97 , 34 2, 373 , 
486,532,534,536,537,559,652;  auricular ia-24, 96, 524, 649;  lagotis-540,676;  limosa-96;  natalensis-356, 357, 363, 

639;  ovata-24, 48 2, 500, 527, 539, 649, 662, 676, 678;  pereqer-481;  pereqra-676)  (RAJA  sp-67,280;  batis-67; 

binoculata-67;  clavata-67;  d iaphanes-222;  laevis-67, 222;  nasuta-325;  ocellata-67,193;  rad iata-67 ; 

stabuliformis-67)  (RALLINA  eur izono ides-517 )  (RALLUS  sp-502, 505, 517, 520, 535, 536, 539, 685;  aquaticus-483, 486, 

487,499,521,530,531,533;  cayenensis-603;  eleqans-488 , 530, 571 ;  1 imicola-487 , 499;  long irostris-595, 612, 613; 

pygmaeus-685;  rallus-619;  str iatus-619)  (RAMPHASTOS  toco-505)  (RAMPHOCELUS  sp-577;  brasil ius-581 ;  carbo-506) 
(RANA  sp-96, 203, 240, 340, 341, 342, 344, 345, 346, 348, 349, 350, 351, 353, 359, 360, 361, 367, 369, 370, 374, 375, 424, 426, 428, 
438,639,651,656,663,669;  S£-96, 203, 240 , 340 , 341 , 342, 344 , 345, 346, 348 , 349, 350, 351 , 353, 359, 360, 361 , 367 , 369, 370, 

374,375,424,426,428,438,639,651,656,663,671,761,803,804,818,821;  adspersa-356, 374;  aesopus-359;  aqilis-353; 
amurensis-350,351;  areolata-353;  arvalis- 346, 349, 351, 353, 362, 367, 37 3, 674;  arvensis-644 ;  aurana-437 ;  aurora- 
342,345,346,348,350,351,354,365,371,803,804;  boulengeri-347;  boyl i-299 , 346, 350, 354 , 363;  cancr ivora-351 , 369; 
cascadae-804 ;  catesbiana-342, 344 , 345, 346, 349 , 350 , 354 , 355, 359, 361 , 362, 363 , 366, 374 , 375, 396 , 433, 436, 449 , 540, 638, 
647,761,803,819;  clami tans-342, 344 , 345, 348 , 349, 350, 351 , 353, 354 , 362, 363, 366, 396, 413 , 433, 435, 436 , 437 , 535, 638 , 

647,656,669,819,820,822;  cyanophlyct is-341 , 346 , 347, 349 , 363, 366, 368 , 369 , 370, 371 , 375, 640;  dalmatina - 3 4 4 , 349, 353, 
368,370;  erythraea-341 , 349;  esculenta - 1 2 2 , 214, 342, 344 , 345, 346, 348 , 349, 351 , 353, 360, 362, 363, 367 , 368 , 369, 370, 371 , 
373,374,375,438,461,463,536,563,633,663,681,764,804,818;  f usciqula-353;  qrylio-350;  quntheri-822;  halecina- 
360;  heckscheri-138;  hexadactyla-342, 349,350,363,366,370;  iberica-373;  japonica-368;  kuhl i-346 ;  limnocharis- 
341,346,426,623,822;  maculata-352;  magna-640;  mascareniensis-349,350,355,356,357,361,362,457;  montezumae-341, 
342,346,348,350,351,354,362,363;  niqromaculata-341 , 345, 350, 351, 355, 361 , 363, 368 , 369 , 426 , 471, 760, 765; 

occipital  is- 350, 352;  oxyrhynchus-361 ;  palmipes-341, 350, 351, 352,  355;  palustr is-344 , 350 , 3  54 , 819;  pipiens-342, 
344,345,346,348,349,350,351,354,355,363,369,374,375,396,435,437,535,638,647,651,672,803,804,819,820,821,822; 
plancyi-350, 351 ;  planipes-654;  pretiosa-346, 350, 351, 353;  requlosa-366;  ridibunda - 3 4 2 , 344, 345, 346, 348, 349, 350, 
351,353,362,363,367,368,369,370,373,374,375,536,663;  ruqosa-341 , 355, 361 , 362 , 368 , 426, 544 ;  ruqulosa-341, 355, 370 , 
822;  septentrional is-350, 354;  sphenocephala-201 , 341 , 351 , 354 , 355, 359, 366, 638;  sylvatica-351, 535, 651, 656, 669; 
temporaria-344, 345, 346, 347, 349, 351, 353, 354, 358, 360, 362, 367, 368, 369, 373, 375, 428, 461, 536, 644, 663, 674, 681, 804; 
ter restr is- 349, 353, 367, 37 1,428;  t igr ina-341 , 347 , 355, 360 , 361, 363, 364, 366, 367, 368 , 369, 370, 371 , 472, 638; 

virescens-345,348,349,350,351,354,358,359,374;  vi r id is-298 , 362;  vittiqera-355, 370)  (RANGIFER  sp-719; 

tarandus-700)  (RANICEPS  sp-280)  (RANZANIA  truncata-63)  (RAPPIA  concolor-352, 437)  (RASBORA  rasbora-201) 
(RASTRELLIGER  chrysozonus-293;  kanaqunta-293)  (RATTUS  sp-544 , 690 , 691 , 692, 731, 763, 764 , 780 , 781 , 789, 790 , 799; 

assimilis-819,820;  brev icaud at us-704 ;  f lug ivarus-739;  infraluteus-787 ;  muelleri-813;  norvegicus-597,686,690, 
760,761,762,763,765,790,803,809,811,820;  ra ttus-594 , 690 , 692 , 71 5 , 731 , 755, 761 , 779, 781 , 789 , 799 , 823;  sabanus-775, 
787;  turkestanicus-730)  (RECURVIROSTRA  amer icana-497 , 674 ;  avocetta-509 , 51 5, 531 , 548 , 550)  (REDUNCA  sp-700,710, 
713;  arund inum-692, 701 ;  bohor-697 , 710 )  (REMORA  remora-280,311)  (RETINELLA  indentata-731 , 732)  (RETROPINNA  sp- 
652;  semoni-540)  (RHACOPHILUS  toxotos-111;  vacca-111)  (RHACOPHORUS  sp-355,361;  eques-361;  qoudoti-355; 

1 eucomys tax-5 37 , 761 ;  maculatus-361 )  (RHAMDIA  guatemalensis-214, 286,640;  nicaraguensis-214 ;  quelen-213, 640 ; 

rogersi-213)  (RHAMPHASTOS  sp-578;  erythrorhynchus-658 )  (RHAMPHOCELUS  brasil icus-577)  (RHEA  americana-671 ) 
(RHEOCRYPTA  sp-183)  (RHESUS  monkey-693,695,704,764)  (RHINEACANTHUS  r ec tanqul us-92 )  (RHINEMYS  nasuta-394) 

(RHINICHTHYS  sp-1 83 , 647 , 661 ;  atratulus-664 ;  cataractae-664)  (RHINOBATUS  albomacul a tus-17 1 ;  productus-92) 

(RHINOCANTHUS  r ectang ul us-1 77 )  (RHINOCEROS  sp-714)  (RHINODERMA  darwini-346)  (RHINODORAS  dorbiqny i-1 39 , 238 ) 
(RH I NOGOB  I US  sp-231;  g i ur inus-301 )  (RHINOLEPIS  sp-755)  (RHINOLOPHUS  sp-7 37 , 74 4 , 753 , 754 , 755 , 758 , 778 , 784 ; 

aff inis-757;  cornutus- 7 5 3 , 7 5 5 ;  euryale-748;  f er rumequinum-738 , 739 , 744 , 745, 753 , 754 , 755, 757 , 823 ;  hippocrepis- 
420,730,757;  h ipposideros-744 , 747, 823;  microphyllum-758;  olivaceus-799;  stheno-749)  (RHINOPLAGUSIA  japonica- 
303)  (RHINOPOMA  sp-744;  microphyl 1 um-7 55 , 77 1 )  (RHINOPTERA  j avan ica-87 )  (RHIPIDURA  f 1 abel 1 i f e ra-524 ; 

leucophrys-524)  (RHOCHIOCENTRON  candadus-90)  (RHODEUS  sp-97, 240, 621, 649, 765, 802;  ocellatus-628, 806; 

sericeus-90, 183;  sinensis-822)  (RHOMBOIDICHTHYS  sp-310)  (RHOMBOPLITES  aurorubens- 1 4 5 )  (RHOMBUS  sp-111,286, 
310,320;  laevis-309;  maximus-280)  (RHYACOPHILA  sp-347;  grandis-348)  (RHYACOPHILUS  qlareola-533;  ochropus-494) 
(RHYACOSIREDON  a  1  tarn i ran i-347 , 348 )  (RHYACOTRITON  olympicus-353 )  (RHYNCHOBATUS  d j eddensi s- 1 34 )  (RHYNCHOBDELLA 
aculeata-134, 167)  (RHYNCHOPS  sp-567,766;  f lavirostris-548;  nigra-548 , 603, 627 , 637 , 660, 680 )  (RHYNCHOPSIS  sp- 
487)  (RICHARDSONIUS  sp-661,802;  balteatus-779;  ha konensi s-3 30 )  (RICHMONDENA  ca rd inal is-484 , 579 )  (RIPARIA 

concolor-586 ;  r ipar ia-524 )  (RISSA  sp-548 , 623, 624 , 649 , 803;  tridactyla-677)  (RITA  buchanani-140;  pavimentata- 
218;  rita-88, 97, 134, 140, 192, 195, 208, 218, 21 9, 247)  (RIVULOGAMMARUS  spin icaudatus-174 , 558 )  (RIZZOLIA  sp-144) 
(ROCCUS  1 ineatus-1 26 ;  saxatil is-1 26)  (ROEBOIDES  quatemalensis-299)  (RONCADOR  stearnsi-85, 105, 180 ) 

(ROOSEVELTIA  br ighami-1 84 , 238 )  (ROSTRATULA  bengal ensis-544 , 607 )  (ROSTRHAMUS  soc iab i 1 i s-487 , 49 5 , 530 , 542) 

(RUCERVUS  eldi-698)  (RUDARIUS  ercodes-223)  (RUMINA  decollata-731 )  (RUPICOLA  rupicola-577)  (RUPORNIS 

magnirostris-578)  (RUPORNIX  sp-577)  (RUSTICOLA  minor-639)  (RUTICILLA  sp-611)  (RUTILUS  sp-89 , 90 , 96 , 97 , 135, 197 , 
225,649,651,653,660,662,765,797,815;  r util us-88 , 97 , 98 , 358, 438 , 616, 661 , 677 , 815)  (RUVETTUS  pretiosus-23, 267) 

(RYACOPHILUS  ochropus-527 )  (RYPTICUS  sp-223;  saponaceus-230, 231) 

(SACCOBRANCHUS  sp-641;  f oss i 1 is-206 , 6 39 )  (SAGITTA  sp-1 48 , 279 , 280 , 286 ;  elegans-280;  hexaptera-62; 

inflata-60,62)  (SAGUINUS  nig r icoll is-775, 776 )  (SAIMIRI  oersted i-751 ;  sc iureus-751 )  (SALAMANDRA  sp-373;  atra- 
359;  maculosa-359, 373;  salamandra-644)  (SALANGICHTHYS  sp-809;  microdon-630,808)  (SALANX  microdon-765) 

(SALARIAS  sp-65)  (SALINATOR  frag il is-282, 551)  (SALMINUS  brevidens-119;  h i lar i i-227 , 230 ;  maxillosus - 4 6 , 218, 229, 
298,299,615)  (SALMO  sp-4 5 , 50 , 66 , 88 , 90 , 91 , 117 , 1 35, 138 , 167 , 17 3 , 174 , 197 , 222, 279 , 280 , 286 , 299 , 305 , 621 , 647 , 661 , 779 ; 
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al pinus-1 39;  auratus-46;  dark  i  i-25, 26 , 184 , 192 ;  far io- 138, 139 ,171. 172,  174, 197, 621;  f on t inal i s-1 38,  197; 
gairdnerii-25,183,192,653;  hucho-67;  irideus-138, 139,172,174,801;  keta-305;  lewisi-1 39;  macrost iqma-1 17 , 1 38; 
oncorhynchus-1 39 ;  pacu-46, 48,59;  pacupeba-50;  pacupeda-46;  salar-89,194,280,281,286,306;  sebaqo-66 ;  trutta- 
88,90,117,138,139,184,197,217,281,653;  vi r ideus-1 38 )  (SALVELINUS  sp-66 , 88 , 89 , 91 , 1 38 , 1 39 , 233 , 280 , 28 6 , 287 , 300 , 
305,621,647,649;  alpinus-88;  font inal i s-89 , 1 35, 138,139,325,621,801;  leucomaenis-233,779;  malma-74 , 779) 
(SANDER  1 uc ioperca-662)  (SARCIDIORNIS  sp-485,502;  melanota-502)  (SARCOCHEILICHTHYS  sp-240,330;  s i nensis- 224 , 
617,643;  va r ieqa tus-1 85 , 274 )  (SARCOGRAMMUS  ind icus-661 , 664 )  (SARCOGYPS  cal vus-614 , 644 , 655, 657 , 671 ) 
(SARCOPHILUS  harrisi  i-821 )  (SARCORHAMPHUS  sp-540;  q r yphus- 6 55 , 658 ;  papa-671)  (SARDA  sp-175, 232, 303, 311 ; 
f elox-324 ;  oriental is-232, 310;  sarda-225, 232, 265, 268 , 309 , 31 1 )  (SARDINELLA  sp-127, 282, 291 ;  anchovia-144, 289; 
aur i ta-282 , 289;  fimbriata-334,625;  gibbosa-625;  macrophthalmus-74,149)  (SARDINIA  sp-534;  melanosticta-283) 
(SARDINOPS  caerulea-283, 289)  (SARGUS  sp-112;  annularis-95, 112, 283;  noct-236, 238;  rondeletti-95;  salviani-133, 
145;  vulgar is-1 1 2)  (SARKIDIORNIS  melanotus - 5 5 9 )  (SAROTHRURA  pulchra-582)  (SAURIDA  sp-297;  a rqyr ophanes-295 , 
312,313,321;  f i lamentosa-312;  tumbi 1-29.5;  undosquamis-310, 313)  (SAUROPHAGA  saurophaqa-576)  (SAUROTHERA 
merlini-587)  (SAURUS  sp-311;  qriseus-314)  (SAXICOLA  sp-611;  caprata-578)  (SAXICOLOIDES  f ul icata-579 ) 
(SAYONARA  satsumae-1 80 )  (SCAPHIRHYNCHUS  platorhynchus-123, 139 )  (SCARDINIUS  sp-88 , 89 , 90, 96, 97 , 133, 222, 225, 621 , 
630,649,650,651,660,662,685,765,795,797,801;  e rythrophthalmus-24 , 98 , 139, 197 , 653, 658 , 660 , 661 , 797 , 808 , 81 5) 
(SCARIDEA  sp-32)  (SCARIIS  sp-42,305;  coelestinus-31 ;  c ro icensis-1 1 9;  dubius-52;  fasciatus-37;  sordidus-52) 
(SCATOPHAGUS  sp-28;  arqus-29 , 30 , 35 , 217 , 222 , 328 , 336 )  (SCHILBEODES  sp-138,199;  qyr inus-162 , 199 , 239 ;  miurus-162) 
(SCHISTOMOPHORA  quad rasi-690)  (SCHISTOROPHORUS  sp-501)  (SCHIZOTHAERUS  sp-102)  (SCHIZOTHORAX  sp-649;  esocinus- 
89,375;  micropoqon-1 34, 375;  niqer-1 39 , 37 5 , 640 ;  socinus-640)  (SCHOENICLUS  schoeniclus-611 )  (SCIAENA  sp-303,329; 
albiflora-205;  aquila-264 , 799;  belenqeri-233;  carul ta-293;  qlauca-1 21 ;  r ussel i-1 55;  schleqel  i-296;  umbra-220, 
241)  (SC IAENOPS  sp-180;  ocel 1 ata-1 7 5 , 23 3 , 310 )  (SCIURUS  hudsonicus-821 )  (SCLEROTIS  sp-49)  (SCOLIODON 
dumer illi-86,87;  sorrakoway-87;  terranovae-26;  walbeehm i-87 )  (SCOLOPAX  sp-516, 535, 536, 567, 676;  gall inaqo-486 , 
527,531;  gall inula-525;  rusticola - 6 5 7 , 664 , 666 , 667 , 668 , 675 , 676 )  (SCOLOPSIS  margar  it i f era-37;  vosmeri-334) 
(SCOMBER  sp-175, 279, 305;  brachypomus-294 ;  col ias-1 51 , 172, 264 , 291 , 294 , 335;  japonicus-83 , 144 , 148 , 149 , 160 , 220 , 
250,252,264,265,290;  kanagun ta-1 44 , 293, 294;  microlepidotus-187 , 294 ;  micro peditorius- 191;  scombrus-54 , 148 , 159 , 
194,232,264,293,309)  (SCOMBERESOX  saurus-61)  (SCOMBEROIDES  sp-8 3 , 127 , 292 ;  sane t i petr i-1 1 5)  (SCOMBEROMORUS  sp- 
231,232,311;  ca val la-2 2 5 , 23 2 , 234 ;  macul at us-222, 22  5, 226, 232, 234, 252;  nipponicus-226;  regal is-225, 232;  sierra- 
223,232;  tritor-233)  (SCOMBROPS  boops-170 , 180 , 234 )  (SCOPHTHALMUS  rhombus-309)  (SCOPIMERA  qlobosa-605; 
pusi 1  la-605)  (SCOPS  cr istatus-658 )  (SCOPUS  umbretta-533 , 681 )  (SCORBICULARIA  sp-100;  tenuis-550)  (SCORPAENA 
sp-1 80, 190, 191 , 281 , 303, 315;  brasil iensis-180;  cirrosa-285;  cr istul a ta-174 ;  cruenta-295, 297;  qrandicornis-180, 
191;  madurensis-193,295;  mystes-169;  pi umier i-1 69 , 180 , 223;  porcus-190;  scrofa-1 95, 286 )  (SCORPAENICHTHYS  sp- 
191;  marmoratus-231,287, 288, 295)  (SCORPAENOPS IS  sp-311;  cacopsis-311)  (SCORPIUS  sp-28)  (SCOTOPELIA  peli-646, 
651)  (SCOTOPHILUS  S£-755,778;  borbonicus - 7 5 6 ;  cas taneus-7 54 , 755 ;  kuhli-756;  temminck i-756 , 758 , 759 , 778) 
(SCROB ICULARIA  plana-80;  tenuis-550)  (SCYLLIUM  sp-92;  canicul a-1 12;  osp-92;  stellare - 1 1 2 )  (SCYMNODON 
plunketi-67)  (SEBASTES  sp-194,286;  ma r inus-1 94 , 30 3 ;  schlegel i-564)  (SEBASTICHTHYS  m i tsukur i i-170;  oblonqus- 
170;  pachycephalus-223)  (SEBASTISCUS  a  1  bo  fa  sc ia tus-1 61 , 184 , 28 6 ;  marmoratus - 1 7 0 )  (SEBASTODES  sp-23,  115, 124, 170, 
191,193,280,293,305;  atrovirens-148,170,178;  aurora-337 ;  caur inus-3  37 ;  cramer i-337 ;  d i plopo ra-3  37 ;  elongatus- 
174;  f lavidus-337;  gun the r i-1 49 , 170;  helvomaculatus-337 ;  inermis-115, 189;  i t inus-71 ;  maliger-23,174,286,320, 
337;  melanops-1 49 , 337;  nebulosus-161,174;  niqrocinctus-337;  paucispinus-286;  pinniqer-337;  ruberrimus-148,310; 
schlegelii-149,183;  serriceps-178;  trivittatus-148,169;  zacentrus-337 )  (SEBASTOPYR  ruberrimus-231) 
(SEGMENTINA  cal  a thus-8 22 ;  hem isphae rul a-763 ;  larg il 1 iert i-721 ;  mica-3  41,762;  ni t ida-488 , 697 ;  ni t idella-484 , 
760,761,762)  (SEGNITILIA  alphena-697)  (SEIURUS  aur ocapi 1 1 us-505 , 517 , 521 , 574 )  (SELAR  sp-291,311; 
crumenophthalmus-83 , 84,102,176,179,290,291;  mate-107,290,291)  (SELENE  brevoorti-106;  vomer-83,106,180,311) 
(SEMICOSSYPHUS  re t iculatus-79 , 1 58 )  (SEMINATRIX  pyqaea-433)  (SEMISULCOSPIRA  cancel lata-779 ;  laeviqata-779; 
liber tina-245, 299, 480, 487, 545, 547, 622, 623, 629, 630, 744, 756, 757, 788. 808, 809;  multiqranosa-545, 622; 
obliqueqranulosa-623;  reiniana-623)  (SEMNOPITHECUS  sp-770)  (SEMOTILUS  sp-185, 647 , 664 , 780;  atromaculatus-89, 
90,98,659,660,661;  bul la r i s-1 33 , 1 34 )  (SERINUS  sp-611)  (SERIOLA  sp-1 22 , 125 , 223 , 224 , 291 , 31 1 ;  aureov i ttata-1 22, 
230,233,290,296;  dorsal is-125, 310;  dumer il i-1 22 , 127 , 223, 230, 261 , 266, 273;  lalandi-25, 125, 223;  mazatlana - 1 2 2 , 
125;  nigrofasciata-223;  qu inquerad ia ta-64 , 122, 125, 250 , 252, 253 , 261 , 283, 296;  zonata-223)  (SERIOLELLA  brama-294) 
(SERIOLICHTHYS  bi pi nnul a tus-318 )  (SERRANUS  sp-91 , 187 , 188 , 189 , 1 90 , 1 91 , 1 92 , 224 , 228 , 230 , 29 5 , 320 ;  f asciatqus-64; 
f imbr iatus-250 ;  quttatus-230;  louti-231 ;  merra-189;  scr iba-286 )  (SESARMA  sp-608,790;  bidens-601 ;  dehaani-788 , 
789,790;  haema toche i r-789 ;  intermedia-790;  plicata-601;  sinensis-789)  (SETARCHES  parmatus-297)  (SEWERTZOVIA 
s p-736)  (SIALIA  sialis-580)  (SIALIS  sp-373;  f lav i 1  a te r a-347 ;  lutaria-369)  (SIBYNOMORPHUS  mikanii-449) 
(SIGANUS  sp-60, 243, 303;  fusee sc ens- 51, 60, 177, 211, 302, 303;  guttatus-60;  or am  in-60;  puel la-207;  punctatus-51; 
rivulatus-302, 303;  str iolatus-280 )  (SIGMODON  hispidus-693)  (SIKA  nippon-717)  (SILLAGO  maculata-636;  sihama- 
115,184,187,191,225,233)  (SILUNDIA  gang e t ica-4 9 , 232, 233 , 247 )  (SILURUS  sp-66, 88 , 135, 173, 222, 223 , 632, 649 , 650 , 
660;  glanis-90,140,174, 185,223,284;  meg acephal us-46 , 50;  opalmito-48;  soldatovi-90)  (SILVI LAGUS  aquaticus-736; 
f loridanus-718,736;  palustris-736)  (SIMENCHELYS  parasi ticus-71 )  (SIMLIMNEA  subaquatil is-535, 680 ) 
(SIMOCEPHALUS  sp-137;  ex spi nosus-1 37 , 357 )  (SINIPERCA  chua ts i-88 , 90 , 223 )  (SIPHODEROIDES  lunaris-54)  (SIPHONOPS 
annul  a tus-361 )  (SIPHONOSTOMA  sp-1 55, 21 3, 649;  typhle-1 94 , 21 31  (SIREDON  mexicanus-373)  (SIREMBO  imberbis-104, 
180)  (SIREN  sp-4 30,817;  lacer t ina- 345 , 348 , 356 , 375 )  (SISTRURUS  mil iarius-434)  (SITTA  sp-590;  europaea-585, 586, 
619;  pygmaea-588 )  (SMARIS  sp-303;  a lcedo-291 ;  chrysel is-95 )  (SOLARIELLA  obscura-81;  varicosa-81)  (SOLEA  sp¬ 
ill;  solea-78, 178;  vulgaris-799)  (SOLEN  sp-100)  (SOMATERIA  sp-486 , 498 , 502, 598 , 599 , 623, 624 , 675, 676, 678 ; 
fischeri-514,679;  mol 1 issima-489 , 498 , 51 2, 51 3 , 514, 515, 545, 552. 591 . 596, 597, 598 , 612, 651 , 676 , 679;  spectabilis- 
513,514)  (SOMATOCHLORA  metal 1 ica-569 )  (SOREX  sp-734 , 742, 743 , 818;  alpinus-734;  araneus-372, 730, 731 , 734 , 741 , 742, 
743,771,777,778,786;  bendirii-786,804;  caecutiens-772;  fodiens-738,741;  leucodon-730;  macropyqmaeus-743 , 771 ; 
minutus-730, 731 , 734 . 74  3 , 771,786;  obscurus-786;  palustris-741,786;  tetraqonourus-730;  vaq ans-741 )  (SOTALIA 
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tucux i-793 )  (SPARISOMA  sp-42,188;  aurofrenatum-42;  brachicola-31;  cretens-231 ;  flavescens-31,42; 

pachycephalum-31;  spinidens-42;  viride-42)  (SPARUS  aries-79;  austral is-80 , 171 ;  berda-230;  centrodontus-72. 

112;  dentex-220;  latus-72;  long ispinis-112, 185,188;  macrocephalus-79, 177, 294;  salpa-193)  (SPATULA  sp-479,486, 
487,502,534,535,537,559,676,685;  clypea ta-482 , 490 , 502 , 50 3 , 537 , 57 0 , 61 2)  (SPEOTYTO  cun icul ar ia-506, 571 , 579) 

(SPHAERECHINUS  granular is-1 1 1 )  (SPHAERIUM  sp-137, 138, 139, 344, 345, 346, 347, 534, 536;  co rneum-9 0 , 1 3 5 , 137 , 138 , 346 ; 
occidental e- 345;  rivicola-133,137,538;  simile-345;  sol idum-538;  striatum-138)  (SPHAEROMA  hoockeri-596; 

serratum-598, 606)  (SPHARGIS  coriacea-402)  (SPHENISCUS  sp-649,676;  demersus - 6 1 6 ;  humboldt i-676 , 680; 

magel lanicus-680 )  (SPHENOMORPHUS  mul ti squama t us- 370 , 457 )  (SPHENORHYNCHUS  sp-617;  abdimii-564)  (SPHEROIDES 
sp-57 , 61 , 92 , 116 , 155 , 175, 191 , 30  3 ;  al bo pi  urn be us- 57, 155;  anqusticeps-37;  annulatus-37;  armilla-75;  boreal is-23, 
25,57,90;  cutaneus-61 ;  lobatus-78;  macul at us-77, 127, 558;  mul tistr iatus-57;  niphobles-54, 55,57,327;  ocellatus- 
88,155,235,327;  pa rdal i s-27 , 57 , 1 55 ;  r ubr ipes-27 , 1 49 ;  spad iceus- 57 , 61 , 187 ;  spenq ler i-92 , 3 26 ;  testud ineus-92, 
109,155,204,326;  vermicularis-57, 155)  (SPHYRAENA  sp-224, 225, 230;  agam-233;  barracuda-115,125,176,180,222,223, 
225,226,232,233,237,294,296,313,324;  boreal is-222, 295;  helleri-115, 125, 180, 223, 310, 313;  jello-179, 250, 252; 
langsar-234;  obtusata-257;  picuda-250;  pinguis-226, 250;  vulgaris-250, 312)  (SPHYRAPICUS  sp-520,521)  (SPICARA 
sp-279;  alcedo-95;  maris-149)  (SPILOGALE  putorius-819)  (SPILORNIS  cheela-670)  (SPILOTES  pullatus-432, 455) 
(SPINACHIA  vulgaris-194)  (SPINIPERCA  sp-224;  scheze r i-224 )  (SPINUS  tristis-484)  (SPIO  sp-145)  (SPIRALINA  sp- 
479;  vortex-559)  (SPIRONTOCARIS  sp-194)  (SPIRULINA  sp-531;  anatina-671;  mellea-532, 671 )  (SPISULA  sp-100,144) 
(SPIZAETUS  s p-670;  ornatus-671)  (SPODIOPSAR  c ineraceus-484 )  (SPONDYLISOMA  blochii-116)  (SPRATELLOIDES  sp-223) 
(SQUALIOB ARBUS  sp-30)  (SQUALIUS  sp-88 , 197 , 649 , 660 ;  cephalus-1 33 , 197 )  (SQUALUS  sp-276 , 277 , 280 , 300 ;  acanthias- 
67,92;  galeus-325;  griseus-67;  kirki-92)  (SQUATAROLA  sp-539, 595, 598 , 606;  cynosurae-51 1 ;  helvetica-584; 

hypomelaena-602;  squatarola-500, 511, 515, 551,576,593,596,597,599,608)  (STAGNICOLA  sp-375,648;  canadensis- 4 8 8 ; 
caperata-720;  cubensis-698 ;  emarg inatus-4 10 , 482, 488 , 536, 651 , 676, 695, 715, 738, 739, 740 ;  exilis-676;  palustris- 
488,542,558,650,651,676,681,695,720;  reflexa-525)  (STAUROTYPUS  triporcatus-440)  (STEGANOPUS  tricolor-506) 
(STBGOSTOMA  tigrinum-87;  varius-87)  (STENELLA  dubia-729;  graf fmani-816)  (STENODUS  sp-66, 89, 305;  leucichthys- 
67)  (STENOMELANIA  sp-623,630;  newcombi-806)  (STENOPHARYNGODON  idellus-224 , 628 )  (STENOPSYCHE  q r ise i pennis- 524 , 
738,744,757)  (STENOSAURA  similis-411)  (STENOTHYRA  j aponica-240 )  (STENOTOMUS  s p-144, 175;  chrysops-1 47 ) 

(STENOTREMA  sp-360,574;  monodon-733, 734)  (STERCORARIUS  sp-624 , 649 , 652 , 677 ;  long icaudatus-650 , 652 ; 

parasi ticus-569, 650 )  (STEREOLEPIS  sp-494)  (STERNA  sp-478 , 50 5 , 506 , 520 , 527 , 535 , 548 , 60 5 , 61 2 , 621 , 623 , 624 , 626 , 640 , 
649,676,677,680,685,766,801,803;  a lbif rons-598 , 603 , 625, 680, 684;  anglica-548;  aurantia-652;  be rg i i-552, 574 ; 
camtschatica-612;  cant iaca- 548, 554,626;  caspica-548;  dougal 1 i-511 ;  f irundo-650;  fluviatilis-613;  f uscata-477; 
hirundinacea-612;  h i rundo-483, 505, 511 , 525, 526 , 548, 550 , 552, 597 , 599 , 603, 604 , 605, 609, 61 2, 618 , 620 , 624 , 625, 627 , 

634,635,643,644,647,650,652,680,684;  long ipennes-617;  magna-618;  maxima-612, 636;  minuta-626;  nigra-563; 
pa rad isea-512, 552,643,644,646,647,650,652;  sandy icensis-548, 605)  (STERNOTHERUS  carinatus-440;  minor-379; 

odora tus-379, 387,412,440,442)  (STICHAEUS  sp-280)  (STIZOSTEDION  sp-1 35 , 137 , 234 , 639 , 649 , 661 , 80 1 ;  v i treum-25 , 66 , 
91,234,237,621,666)  (STOLEPHORUS  commersoni i-625)  (STORERIA  sp-359;  dekayi-360 , 448 )  (STREBLOSPIO  sp-596) 
(STREPERA  versicolor-574)  (STREPSILAS  sp-550;  interpres-492, 509, 595;  or iental is-516)  (STREPTOPELIA  sp-516,517, 
520,670;  ch inens i s-533 , 670 ;  oriental is-573;  turtur-574)  (STRIX  sp-516, 536, 559, 628, 658, 669;  aluco-656, 657 , 663, 
668;  f lammea-516 , 530,533,578,656;  striata-656;  uralensis-573 , 574 , 587 , 658 , 669, 765;  varia-516,655,656; 

whiteheadi-806;  wood fordi-658)  ( STROM ATEO IDES  a rgen teus-260 , 293 )  (STROMATEUS  c inereus-237 , 29 3 ;  f iatola-293) 
(STRONGYLURA  sp-42,305;  caribbaea-116;  qiqantea-116.,  233;  marina-226,234;  notata-226;  timucu-116, 226) 

(STURNELLA  mag na- 574 , 577 )  (STURNIA  c i ne racea-484 ;  sturnina-586;  ulua-668)  (STURNOPASTOR  capensis-580, 64 3; 
contra-573)  (STURNUS  sp-506, 516, 517, 520 , 521 , 526 , 567 , 605, 606, 61 1 , 675;  vulgar is-520, 524 , 526, 542, 567 , 579, 580, 

581,582,585,589)  (SUBULINA  octona-505 , 775, 776)  (SUBZEBRINUS  sp-736)  (SUCCINEA  sp-520 , 731 , 732 , 736 ;  australis- 
520;  baudoni- 522;  oval is-506 , 521 , 731 ;  pf eif feri-520;  putr is-520, 711 , 731 , 734;  retusa-520, 521)  (SUDANAUTES 

af ricanus-788 ;  pel i i-788 )  (SUFFLAMEN  sp-37)  (SULA  sp-649;  bassana-625, 811;  brasiliensis-646;  leucog aster-612, 
625,626,631,636,646,684;  sula-646)  (S UNCUS  coeruleus-822;  murinus-739)  (SUS  sp-691 , 719, 792, 818;  cristatus-720, 
768;  scrofa-704,710,764,773,790)  (SYHODONTIS  schall-24)  (SYLVAEMUS  sylvaticus-775)  (SYLVIA  sp-520,526; 
atricapilla-526,581,590;  cyanea-685;  hortensis-526;  rufa-685;  s ibilat r ix-611 )  (SYLVILAGUS  f loridanus-719) 

(SYMPETRUM  ££-567;  f r equens-351 ;  illotum-351 ;  obtrusum-351 ;  rubicundulum-351;  striolatum-345, 369, 370) 
(SYMPHURUS  atramentatus-109;  plag iusa-1 09)  (SYNAGRIS  sp-185;  taeniopterus-37, 303)  (SYNAGROPS  j aponica-180, 226) 
(SYNAPHOBRANCHUS  af finis-282;  pinnatus-321)  (SYNAPTOMYS  cooperi-718)  (SYNAPTURA  1  us i tanica-1 00 , 101 ; 

oriental  is-84 ;  pan-230)  (SYNCERUS  sp-712, 713, 719;  caffer-698;  zebu-771)  (S YNDOSMYA  sp-232)  (SYNGNATHUS  sp- 
189,213;  abaster-624 ;  acus-194;  f usca-175;  griseol ineata-1 94 ;  robertsi-172;  schleqel i-176;  typhle-624) 

(SYNODONTIS  sp-118;  notatus-206;  schal 1-46 , 47 )  (SYNODUS  sp-1 03 , 177 , 1 91 , 281 , 291 , 295 , 311 ;  dermatogenys-112, 176, 
292;  foetens-175,176,184,281,291,295,310,311,320,322;  intermedius-297;  japonicus-64, 228, 310;  poeyi-310) 

(SYRICTES  sp-175)  (SYRIGMA  s i b i la t r ix-538 )  (SYRMATICUS  soemmer r inq i i-498 , 517 , 521 )  (SYRNIUM  aluco-530 , 533, 577 ; 
hylophilum-656;  perspicillatum-658) 

(TACHICIRRHUS  natterer  i-48 )  (TACHYDROMUS  sexl ineatus-426)  (TACHYERES  patachonicus-488 )  (TACHYPHONUS 
coronatus-581 ;  cristatus - 5 2 1 )  (TACHYSURUS  sp-51)  (TADARIDA  sp-737,744;  bras i 1 iens i s-7 55 , 758 ;  cynocephala-748 , 
755,771;  laticaudata-755;  pum ila-74  9 , 756 )  (TADORNA  sp-486 , 595, 606, 676 ;  tadorna-488, 490, 595)  (TAENIURA  lymma- 
86)  (TALORCHESTIA  long  icornis-603)  (TALPA  eur opaea-7 33 , 739 , 741 , 74 2 , 786 )  (TAMANDUA  sp-691;  long  icaudata-710) 

(TAMIAS  str i at us-733 , 734)  (TANAGRA  seldeon-505;  tatoa-685)  (TANAISIA  atra-505;  winteri-504)  (TANDANUS 

tandanus-329, 330, 54  0)  (TANGOLA  tanqola-36)  (TANTALUS  ibis-484,563;  locul a tor-64 1 , 662, 674 )  (TAPES  sp-232; 

aureus- 73,100,144,232;  decussatus-73 , 100 , 144 , 232, 514 , 549;  phil ippinarum-73 ;  pullaster-73 , 514 )  (TAPHIUS  sp- 

342;  pf eif feri-342;  stanleyi-342)  (TAPHOZOUS  sp-744 , 755, 778;  nud iventr is-420 , 755)  (TAPIRUS  amer icanus-701 , 702) 
(TARACTES  rubescens - 2 9 2 )  (TARICHA  sp-359;  granulosa-342;  torosa-363)  (TARPON  sp-311)  (TARTARUGA  marinha-392, 

(TATERA  sp-692)  (TAUROTRAGUS  sp-698,713)  (TAUTOGA  sp-175;  on i t i s-1 1 1 , 1 28 , 624 )  (TAUTOGOLABRUS  sp-175; 
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adspersus-l 45,624)  (TAXI PEA  taxus-819)  (TAYASSUS  tajacu-703)  (TELESCOPIAS  sp-226)  (TELLINA  sp-102) 
(TELOGNATHUS  sp-623)  (TEMENUCHUS  pagoda  rum-580 , 586 )  (TEMORA  sp-61)  (TENDIPES  pi umosus-347 )  (TERATHROPIUS  sp- 
670;  ecaudatus-656)  (TEREBIA  sp-630;  g r an i f e r a- 507 , 630 )  (TEREKIA  sp-487,596;  c inerea-4 97 , 51 1 , 525 , 536 , 575 ) 

(TERRAPENE  sp-359;  carol ina-44 1 ,442)  (TESTUDO  sp-469;  elegans-402;  graeca-427, 440;  matemata-444;  orbicularis- 
441;  tabulata-399)  (TETRAGONEURA  sp-568)  (TETRAO  sp-567;  coturnix-516;  tetrix-575)  (TETRAODON  h ispidus-27 , 57 , 
78,84,207;  immaculatus-55;  pustulatus-334 ;  vi r id ipunctatus-54 , 57 , 85, 154 , 155)  (TETRAOGALLUS  sp-518; 

caucas ic us-517 , 518, 575, 577;  himalayensis-574,575;  urogallus-575)  (TETRAPONOPTERUS  argenteus-162) 

(TETRAPTERUS  ang ust i rost r i s-2 69 , 270 , 27 5 ;  mi tsukur i i-259 )  (TETRASTES  sp-516, 526, 567;  bonasia-520, 521, 535, 572, 

575)  (TETRATHYRA  va  i  1 lant i i-4 1 3 )  (TETRODON  sp- 54 , 207 , 208 ;  fahaka-206;  oblongus-2 31 ;  ret icular is-1 55; 

stellatus-78, 207, 331)  (TEUTHIS  sp- 5 1 , 188 , 800 , 806 , 807 ;  bah ianus-302 ;  caeruleus-77, 302, 307;  concatenata-60; 

hepatus-288,302,307;  javis-805;  margaritifera-99;  marmorata-190,302;  oramin-60;  rostrata-60 )  (THAIS 

emarg inata-781 ;  lapillus-613)  (THALASSEUS  sp-766;  bengalensis-677;  max imus-478 , 508,618,625,626,627,636,680, 
684)  (THALASSOCHELYS  caretta-387;  corticata - 3 8 7 , 395, 399, 401 , 402, 404 , 427 , 436, 438 , 443, 448 , 451 ;  mydas-450; 

undulatus-448 )  (THALASSOMA  bal 1 ieui-81 , 177 , 185 ;  dupe r rey i-81 , 149 , 1 58 , 172 , 177 , 18 5 , 189 ;  hardwickei-115; 

purpureum-185, 189;  umbrostigma-177)  (THALASSORNIS  leuconotus-482 , 678 )  (THALLOMYS  sp-692)  (THAMNOMYS  sp-692) 
(THAMNOPHIS  ££-203,435,437,440,441;  ang us t i r ost r is-4 3 3 , 44 2 ;  megalops-441 , 442;  o rd ino ides-396 , 43 5 , 437 ;  radix- 
640;  saur i tus-4 35, 4  37;  si rtal is-396, 427 , 428 , 4  33 , 4  34 , 435, 4  36 , 4  37 , 44  0 , 656 , 669 , 819 )  (THAUMATOPHIS  sp-435) 

(THELAGRA  chal cogramma-1 71 )  (THELOTORNIS  k i r tland i-4 59 )  (THELPHUSA  sinensis-791)  (THEODOXUS  sp-97; 

fluviatilis-174,488)  (THERAGRA  sp-70 , 1 48 , 1 59 , 233 , 280 , 305 ;  cha lcog ramma-2 3 , 81 , 148 , 160 , 280 ;  f ucensis-174) 

(THERAPON  sp-28,170,622,628,652,800,806;  a rgenteus-67 , 176 ;  j arbua-1 25 , 170 ;  oxyrhynchus-243, 824;  plumbe us-545, 
636,805,807;  puta-214 , 30 3 , 31 5;  theraps-93, 174, 291)  (THEREICERYX  zeylan icus-498 )  (THERISTICUS  sp-547; 

caudatus-669;  hagedash-536, 546)  (THIARA  granifera-809;  1 ibertina-622;  riquetti-28, 490)  (THRAUPIS  sp-579; 
ornata-573 , 605;  palmarum- 5 7 9 ;  sayaca-506 , 576 )  (THRESKIORNIS  melanocephalus-547)  (THRINOPS  pachylepis-42) 
(THRISSOCLES  mystax-334)  (THRYNOPS  pachyl epi s-175)  (THYLACIS  obesul us-7 30 , 77 5 )  (THYMALLUS  sp-66 , 88 , 97 , 1 35, 138 , 
197,286,300,649,662;  arcticus-1 38 , 183, 779;  thymal lus-71 , 88 , 90 , 117 , 139 , 172, 174 , 197 ;  vulgaris-89)  (THYNNUS  sp- 
321;  af finis-256;  alalonga-252 , 253 , 256 , 261 , 264 , 266, 324 ;  or iental is-250 , 251 , 252, 253, 255, 261 ;  secundodorsal is- 
261;  thynnina-226;  thynnus-226, 234, 252, 256, 261, 262, 324, 337;  vulgar is-250, 252, 261, 324;  yaito-234)  (THYRSITES 
atun-277, 309)  (THYSANOESSA  g regar ia-276 )  (TIGRISOMA  sp-546,549;  1 ineatum-639)  (TILAPIA  sp-28 , 96 , 620, 623, 628 , 
639,640,653,799,809,811,815;  gal ilaea-636 , 806 , 809;  heudeloti-641 ;  mossambica-28 , 794 ;  nilotica-184, 545, 635, 645, 
653,765,806;  simonis-806,809;  zillii-185,641,661)  (TILIQUA  sc incoides-361 , 449 )  (TINAMUS  sp-533;  carbonarius- 
516;  sol i ta r ius-517 )  (TINCA  sp-24 , 88 , 89 , 97 , 135 , 1 97 , 222 , 649 , 650 , 654 , 662 , 68 5 , 79 5 , 797 ;  t inca- 24 , 89 , 96 , 765 , 792, 
797,815;  vulgar is-1 33 , 797 )  (TOMICHIA  ventr icosa-531 )  (TOMODON  dorsatus-429)  (TORPEDO  marmorata - 6 7 , 68 ;  narce- 
68)  (TORQUILLA  frumentum-770)  (TOTANUS  sp-495 , 496 , 502 , 505, 51 0 , 521 , 549 , 595 , 599 , 803 ;  cal  id r is-495 , 605 , 624 ; 
eurhinus-494 ;  flavipes-496,605,651;  f uscus-494 , 548 ;  glareolus-494,495,521,525;  glottis-494, 495;  guttifer-548; 

hypoleucos-511 , 596 ;  melanoleucus-4  96,497;  ochropus-496,525;  soli  tar ius-497 ;  totanus-594 , 60  5)  (TOXOSTOMA  sp- 
582;  r uf um-573 , 580,667)  (TOXOTES  j acul a tor-1 72 )  (TRACHICHTHODES  gerrard i-283)  (TRACHINOCEPHALUS  sp-295; 

myops-293 ,295,321)  (TRACHINOTUS  sp-6 1 , 1 61 , 17 5 , 191 , 291 ;  ba i 1 loni-224 , 225, 306 ;  ca rol inus-83 , 300 , 335 ;  falcatus- 
104,126,160;  glaucus-1 27 , 1 52 , 1 91 ;  goodei-160;  goreensis-104 , 125, 152 ;  rhodopus-149, 176, 300, 315)  (TRACHINUS  sp- 
320;  draco-190,215,224,287,303;  vipera-224)  (TRACHIURUS  lepturus-232, 297)  (TRACHUROPS  sp-175, 226 , 291 , 311 ; 
cr umenophthalmus-83 , 126,163,179,291)  (TRACHURUS  sp-303,305;  japonicus-170,291;  mediterraneus-83, 124,149,281, 
306;  novaezelandiae-103,163,179,291,321;  symmetricus-310;  trachur us-83, 96, 149, 163, 180, 185, 220, 291, 306) 

(TRACHYPTERON  taenia-291)  (TRACHYURUS  grand icassis-332)  (TRAGELAPHUS  sp-705,713;  scriptus-698;  spekei-713 , 721 ; 
sylvaticus-712)  (TRAGULUS  napu-704)  (TRANSENNELLA  sp-102;  tant i 1 la-1 02 , 51 5 )  (TREMATOMUS  be rnachi i-1 34 , 159 , 

184,283,287,288,297;  cervtronotus  -  2  8  3 , 288 ;  hansoni-159, 283, 297)  (TREMENUCHUS  pagodarum-573)  (TRIACANTHUS 

brevirostris-207,302)  (TRIBOLODON  taczanowski i-245)  (TRICHECHUS  latirostris-723;  manatus-723;  seneqalensis- 
702)  (TRICHI URUS  sp-66 , 14 4 , 293 ;  haumela-313;  japonicus-149;  leptur us-14 5, 180, 222, 234, 309, 310)  (TRICHOGASTER 

f asc iatus-1 33,640;  pectoral is-640;  trichopterus-640)  (TRICULA  sp-791;  minima-791)  (TRIDENTIGER  sp-223,240, 
765,800;  obscur us-1 4 1 , 177 , 808 )  (TRIGLA  sp-1 89 , 1 90 , 225 , 280 , 286;  gurna rdus-1 27 , 1 90 , 231 , 31 6 ;  hirundo-234; 

lucerna-309;  obscura-286)  (TRIGLOPS  sp-190)  (TRIGON  sp-87)  (TRIGONORRHINA  fasciata-92)  (TRIMERESURUS  atrox- 
432;  neuwi ed i i-429)  (TRINECTES  maculatus-91 , 109 )  (TRINGA  sp-479 , 48  7 , 496 , 505, 511 , 520, 521 , 525,  526 , 527 , 534 , 535, 

539,54  9,567,582,596,598,599,605,617,649,651,672,675,68  5;  a  1 pina-4 95, 496, 511, 524, 550, 59  5, 598, 606, 618;  canutus- 
550;  cinclus-549;  clangula-598;  erythropus-493 , 494 , 495 , 548 , 605 , 606;  glareola-478 , 509, 535, 536, 594;  hypoleucos- 
493,511,525,533,594,597,605,606,618;  hypoleucus-525;  incana-478 , 508 , 509, 595, 596 , 600 , 604 , 605, 606 , 609 . 634 . 636; 
maculata-501 ;  melanoleuca-504 ;  minuta-548;  nebular ia-501 , 51 1 , 523;  ochropus-494 , 524 , 525 , 550;  sol i tar ia-497 , 
597,607;  to tanus-497 , 509 , 51 1 , 550 , 605 , 606 , 61 2 , 622 ;  variabil is-496, 595)  (TRIODOPSIS  sp-360, 517 , 731 ; 

carol  inens is- 360)  (TRIONYX  sp-394, 397, 413, 459;  aspidonectes-408;  f erox-4  4 1 ;  formosus-394;  gangeticus-348 , 386, 

413,424;  hurum-386 , 413;  leithi-474;  muticus-460;  nilotica-413,424;  phayr i i-394 ;  sinensis-424;  spinifer-440, 
4  4  4,460;  t r i ung uis-4 1 3 , 424 , 4 25 )  (TRIPTERYGION  sp-176,223)  (TRISOTROPIS  sp-310;  venenosus - 2 3 1 )  (TRISTRAHELLA 

sp-623, 639)  (TRITHEMIS  sp-457)  (TRITON  sp-349,359;  palmatus-373, 438;  pa  1  us t r i s- 34 1 )  (TRITURUS  sp- 3 40 , 342 , 345 , 
347,359,363,369,37  3,426,428,438,671;  amer  icanus-346 ;  cr istatus-357 ;  qranul osus-341 ;  meridionalis-359,360; 

pyrrog aster-347;  torosus-437;  v i r idescens-342, 345, 346 , 358,359,360,375;  vulgar is-357 , 644 )  (TROCHALOPTERON 

canorum-586 )  (TROGELAPHUS  spekei-692)  (TROGLODYTES  sp-577;  muscul us- 50 5 )  (TROGON  sp-582)  (TROGONURUS  sp-577) 
(TROPICORBIS  centimetral is-691 ;  chilensis-691;  obstructus-691 ;  phil ippi anus-691 ;  ri isei-692)  (TROPIDISCUS 

carina tus-4 87 ,660;  planorbis-487 , 660 )  (TROPIDONOTUS  sp-421,441;  grahami-440, 442;  natr ix-213 , 348 , 358 , 394 , 414 , 
426,427,428,438,441,463,669,804;  pisca to r-389 , 422 , 423 , 42 5 , 4 26 , 4 32 , 44 4 , 4 49 , 4 54 . 45 5 . 464 . 472 ;  rhombifer-436; 

sipedon-435;  tessel latus-4 25;  torquatus-418;  triangularis-425;  viper inus- 358 , 424 , 426 , 438 , 44 1 , 461 , 463 , 804 ) 

(TRUTTA  sp-66, 88, 89, 138;  salar-327;  t r utta-71 , 1 34 )  (TRYONYX  triunguis-425)  (TRYPANOCORAX  sp-517,719; 

f rug  i leg us- 581 , 58  2 , 671 )  (TUPAIA  sp-789;  gl  is-750)  (TUPINAMBIS  t eg uex in-4 18 )  (TURACUS  1  in ingstone i-516 ) 
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(TURBO  cornutus-79)  (TURDUS  sp-4 94 , 498 , 506 , 51 6 , 51 7 , 520 , 522 , 526 ,  567 , 572 , 574 , 575 , 580 , 584 , 589 , 67 5;  albicollis- 
577 ;  amaurochal inus-577 , 580 ;  cardis-520,522,582;  chrysolaus-619;  dauma-495, 572;  i 1 iacus-516 ;  leucomelas-577 , 
580;  mandarinus-508;  merula-498 , 499 , 506 , 517 , 526, 573, 574 , 575, 580, 581 , 582, 585, 589 , 619;  miqratorius-542, 575, 580, 
660;  musicus-516;  naumanni-573;  pall  id us-51 6 , 579;  philomelos-516,581;  pilaris- 516, 522;  ruficollis-579,580; 
ruf iventris-577, 580;  saxatil is-533;  torquatus-533)  (TURNIX  fasc iata-521 )  (TURRIS  sp-148)  (TURSIOPS 
truncatus-816)  (TURTUR  sp-621,801;  oriental is-516, 521)  (TYLOGNATHUS  sp-96;  steinitzeorum-185)  (TYLONYCTERIS 
sp-784;  malayana-749 )  (TYLOSURUS  sp-42;  coromandeljcus-234;  crocodil us-116;  fodiator-42;  marinus-232; 
raph idoma-4 2 )  (TYLOTRITON  andersoni i-361 )  (TYMPANOTOMUS  microptera-634 , 799 , 800 , 81 2)  (TYRANNUS  sp-526; 
melanochol icus-574 ,580;  tyrannus-580)  (TYTO  sp-567;  alba-534 , 538,578,584,658,674;  capensis-674 ) 

(UCA  crenulata-608;  pug ilator-603)  (UMBRA  sp-66,675;  1 imi-88 , 137, 162 , 780 )  (UMBRINA  c i r rhosa-58 , 94 , 124  , 
194,220,241;  co ro ides-1 75 , 288 ;  roncador-85, 124, 180)  (UNIO  sp-137,222)  (UPENEOIDES  sp-175;  bensasi-100 , 169, 283; 
vittatus-177,178)  (UPENEUS  sp-160,311;  maculatus-175;  martinicus-175;  parvus-115;  pleurospilos-170, 177) 
(UPUPA  sp-605;  epops-524 , 527 , 54 8 , 57 2 , 57 5 , 582 , 606 , 68 5 )  (URAEOTYPHLUS  oxyurus-346)  (URANOSCOPUS  j apon icus-21 5 , 
216,224;  scaber-1 26 , 14 5 , 21 4 , 21 5 )  (URIA  sp-567 , 624 , 676 , 677;  aalqe-61 3, 651 ;  carbo-609, 612;  qrylle-677;  lomvia- 
547)  (URINATOR  sp-617;  a rc t icus-545 , 548)  (UROBATIS  macul at us-92, 205)  (UROCISSA  caerulea-582;  erythrorhynchus- 
493;  f lavirostr is-495)  (UROCYON  c inereoarqenteus-77 5 , 81 9 )  (UROLEUCA  cristatella-506, 580)  (UROLONCHA  sp-781) 
(UROMASTIX  acanthinurus-389;  hardwicki i-409 , 417 , 453)  (UROPHYCIS  sp-159, 175, 280;  brasil iensis-222, 224 ; 
chesteri-194, 282;  chuss-297;  c  i  r ratus-297;  floridanus-320;  req i us-78, 125,282,297;  tenuis-303)  (UROSALPINX 
c iner eus-51 1 )  (UROTRICHUS  ta 1 po ides-732 ) 

(VALACUMANTUS  austral is-477 )  (VALLONIA  costata-580;  pulchel la-580)  (VALVATA  macrostoma- 5 29 ;  piscinalis- 
536,643;  t r ica r  ina ta-2 4 , 25 )  (VANELLUS  sp-4  86 , 487 , 493, 50  2, 520 , 534 , 535, 536,  567 , 595, 598 , 67  5, 676;  cristatus-536; 
leucurus-574;  vanellus-487 , 488 , 494 , 497 , 500, 501 , 535, 536 , 539 , 599, 61 2, 652)  (VARANUS  sp-361 , 439 , 453; 
bengalensis-389, 448,453;  qriseus-448;  indicus-416;  monitor-389,453;  nebulosus - 4 1 6 ;  ni lot icus-431 , 448 , 461 ; 
ridicollis-416;  sal vator-4 16 , 47 3 , 627 )  (VARICORHINUS  sp-6  2  3, 628 , 6  39, 662, 800 ;  damasc  inus-185, 653)  (VENERUPIS 
phil ippinarum-513)  (VENTRIDENS  1 iq era-580 , 731 , 732 , 734 )  (VENUS  sp-1 00, 144 , 514 ;  mercenar ia-766 )  (VERRUNCULUS 
polylepis-129, 144)  (VERTIGO  ovata-736;  vent r icosa-736 , 737 )  (VESPERICOLA  sp-517)  (VESPERTILIO  sp-744 , 753, 778; 
aur i tus-737 ;  dasycneme-730;  daubentonii-730;  d iscolor-759 ;  emarq inatus-730;  lasiopterus-137;  las iurus-749 ; 
muricola-754,759,771;  mur inus-730 , 737 , 739,756,757,759;  mystacinus-730;  nathusi-744;  noctua-137;  noctula-715; 
pipitrellus-759;  subulatus - 7 5 4 , 7 5 5 ;  superans-755, 757)  (VESPERUGO  sp-753,758;  abramus-744 , 754 , 759 , 760;  kuhli- 
744,750,755,759;  murinus-755;  pi pistrel 1 us-759 )  (VICUGNA  sp-719)  (VIMBA  sp-66 , 88 , 89 , 97 , 197 , 222;  vimba-677) 
(VIPERA  ££-438,441,671,818;  a spi s-4 27 , 428 , 4 59 ;  berus-427 , 438 , 440, 459, 669;  lebetina-448 , 461 ;  ursini-440; 
verus-818 )  (VIREO  q r  iseus-522, 523;  ol ivaceus-585)  (VIREOSYLVA  sp-521)  (VIVERRA  z ibetha-774 , 816 )  (VIVIPARUS 
sp-518, 532, 534, 537, 763;  acerosus-519;  anqularis-763;  benqalensis-66,523,535;  contectus-518 , 519,531,815; 
f asc iata-563 ;  japonicus-761,76  2;  javanicus-761 ;  malleatus-532, 760 , 761 ,764,765;  oxytropis-520;  quad ratus-139; 
rudipellis-761;  ussur iensis-676 ;  v i v ipa rus-518 , 51 9, 534, 535 , 538 , 646 , 81 5)  (VOLATINIA  sp-577)  (VULPANSER 
tadorna-51 3 )  (VULPES  sp-731 , 781 , 788 , 789 , 792 , 794 , 801 , 803 ;  a lascensis-781 ;  a lopex-773 , 818;  f ul va-736, 775, 796 , 
811;  lag opus- 632, 801, 811;  pennsylvanica-818 , 819;  vulpes-623, 630 , 765, 776, 779 , 785, 795, 799, 801 , 803, 804 , 808 , 814 , 
815,816,818,819) 

(WALLABIA  sp-719)  (WALLAGO  a ttu-208 , 21 8 , 247 , 330 )  (WALLAGONIA  sp-66, 330;  attu-209, 219, 223, 233)  (WILSONIA 
canadensis-574 ) 

(XANTHICHTHYS  r i nqens-6 1 , 1 4 5 )  (XANTHOCEPHALUS  xanthocephal us-484 )  (XANTHORNUS  sp-577)  (XENISTIUS  sp-85, 
191,315;  californiensis-170)  (XENODERMICHTHYS  capei-315)  (XENODON  col umbr in us- 4 33 ;  qunther i-471 ;  mer rem i i  —  4 2 9 ) 
(XENOMYSTAX  sp-185)  (XENOPUS  sp-341,639;  laev i s-34 2 , 356 , 358 , 363 , 367 , 37 3 , 37 5 )  (XENORHYNCHUS  as i a t icus- 54 3 , 548 , 
553,563,564,638,644,648,686)  (XENOTIS  megalotis-661 )  (XEROPHILA  sp-731;  cand idula-770;  mendranoi-731 ) 
(XESURUS  punctatus-52;  seal pr urn- 5 1 ,  14 9 , 1 6 4 , 17 2 , 30 2 )  (XIPHIAS  ql ad  i  us-270 , 27 5 , 324 )  (XI PHOCOLAPTES  albicollis- 
577,579)  (XIPHOPHORUS  sp-96, 623;  helleri-623)  (XIPHOSTOMA  cuvieri-119)  (XYSTRIAS  q r igorj ewi-321 ) 

(ZACCO  sp-240, 544, 547,765,802;  pi  a typus-1 33 , 622 , 628 , 629 , 794 , 800 , 806 , 808 ;  temm inck i-1 8 5 , 64 3 )  (ZALEMBIUS 
rosaceus-1 1 1 )  (ZALOCYS  st i lbe-1 49 , 292 )  (ZALOPHUS  cal i fornianus-548 , 689, 725, 766 , 799 , 802, 824 )  (ZAMENIS  sp-426; 
flaqelliformis-434;  qemonensis-434;  h ippocrepi s- 449, 461, 462;  mucosus-389, 432)  (ZANCLUS  canescens-195, 207 , 287 ; 
cornutus-207)  (ZANTHORNUS  c rocono tus- 577 )  (ZAPUS  hudson i us-7 1 6 , 739 )  (ZEBRA  sp-692,719)  (ZEBRASOMA 
f lavescens-42;  vel  i  ferum-304 )  (ZEBRIAS  zebr inus-1 47 , 303)  (ZEBRINA  brown iana-31 , 307 , 308;  detrita-770) 
(ZENOPSIS  nebulosus- 180)  (ZEUGOPTERUS  sp-189)  (ZEUS  sp-111,189;  faber-309)  (ZINGEL  sp-135,649)  (ZOARCES  sp- 
564;  anguillaris-116;  elonqatus-565;  v i v iparae-1 16 )  (ZONICHTHYS  f asc iatus-1 22)  (ZONITIDUS  sp-580)  (ZONITOIDES 
sp-360;  ar bo reus- 517, 574, 577, 732, 734;  liqerus-360;  n i t idus-574 , 730 , 731 , 734 )  (ZONOSAURUS  sp-361,389) 
(ZONOTRICHIA  sp-577;  a  1 bicol 1  is- 574 , 579 ;  leucophrys-579 
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ABSTRACT 

Toledo  Bend  Reservoir  is  a  large  monomictic  reservoir  on  the  Sabine  River  drainage 
along  the  Texas-Louisiana  border.  Vertical  periphyton  biomass  distribution  was  moni¬ 
tored  during  1973-1976  using  heavy  monofilament  nylon  line  suspended  in  the  water 
column  for  approximately  1-mo  intervals. 

Vertical  periphyton  biomass  distribution  was  related  to  reservoir  thermal  stratification 
patterns.  Periphyton  biomass  (mg  organic  matter/m2  of  substrate)  was  significantly 
greater  during  periods  of  reservoir  mixing  (x  =  6.38  mg/m2)  than  during  periods  of  strat¬ 
ification  (x  —  1.70  mg/m2).  Periphyton  biomass  differed  significantly  among  depths  dur¬ 
ing  mixing,  with  greatest  biomass  in  the  upper  3  m.  During  stratification,  biomass  dis¬ 
tribution,  although  erratic,  was  often  depressed  in  the  upper  1  or  2  m. 

INTRODUCTION 

Periphyton  biomass  distribution  has  been  studied  by  several  authors 
utilizing  both  natural  and  artificial  substrates  (e.g.,  Young,  1945;  Sla- 
decek  and  Sladeckova,  1964;  Allen,  1971).  Young  (1945)  reported  verti¬ 
cal  distribution  on  bullrush  culms.  The  vertical  distribution  on  living 
and  dead  culms  was  similar.  The  primary  variation  was  in  the  quan¬ 
tity  of  each  species  present.  Glass  substrata  supported  greater  biomass 
than  natural  substrata.  Sladecek  and  Sladeckova  (1964)  published 
results  of  their  year-long  investigation  of  vertical  periphyton  distribu¬ 
tion  on  glass  slides.  They  concluded  that  their  vertical  placement  of 
the  slides  reduced  biomass.  Blue-green  algae  were  not  as  evident  on 
glass  substrates  reducing  biomass  estimates.  Allen  (1971)  also  compared 
periphyton  biomass  on  artificial  substrates  (glass  rods)  with  that  found 
on  natural  substrates  (macrophyte  stems)  in  the  littoral  zone  of  a  lake 
in  Michigan.  Although  the  communities  on  the  slides  resembled 
plankton  communities  during  stratification,  he  (Allen,  1971)  was 
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forced  to  use  glass  rods  in  his  metabolic  studies  because  of  contamina¬ 
tion  problems.  He  felt  that  glass  substrates  underestimated  biomass 
found  on  natural  substrates.  Previous  studies  generally  indicate  similar 
species  composition  between  natural  and  artificial  substrates,  although 
differences  in  quantity  of  biomass  often  occur  (Wetzel  and  Westlake, 
1974).  Wetzel  (1964)  criticized  the  use  of  artificial  substrates,  stating 
that  substrate  placement  in  pelagic  waters  is  often  ecologically  unreal¬ 
istic  since  most  natural  periphyton  substrates  are  benthic  and  macro- 
phytic  in  nature.  However,  Toledo  Bend  Reservoir  and  several  other 
large  southern  reservoirs  have  an  abundance  of  pelagic  vertical  sub¬ 
strates  in  the  form  of  standing  submerged  timber.  Therefore,  the  use  of 
artificial  substrates  in  the  vicinity  of  submerged  timber  can  be  used  to 
evaluate  this  component  of  the  ecosystem.  The  present  study  was 
initiated  to  assess  the  vertical  distribution  of  the  periphyton  in  the 
pelagic  region  of  Toledo  Bend  Reservoir  through  the  use  of  artificial 
substrates. 


METHODS 

The  study  site  was  located  near  the  southern  end  of  Toledo  Bend 
Reservoir  (Fig.  1)  where  water  depth  was  about  17  m.  Toledo  Bend  is  a 
large  multipurpose  impoundment  (75,000  ha)  on  the  Texas-Louisiana 
border.  While  there  is  emergent  timber  in  much  of  the  reservoir,  none 
was  visible  at  the  study  site  (Fig.  1).  Submerged  timber,  however,  was 
observed  in  the  area  using  SCUBA  diving  techniques. 

The  need  for  a  uniform  yet  manageable  artificial  substrate  led  to  the 
selection  of  200-lb  test  monofilament  nylon  fishing  line  (1.6  mm 
diameter)  which  was  suspended  in  the  water  column  using  a  float  and 
weight.  Lines  were  colonized  for  approximately  1  mo.  During  1973  and 
1974,  new  substrates  were  suspended  twice-monthly  creating  a  2-w 
colonization  overlap  period  between  successive  substrates.  During  1975 
and  1976,  lines  were  set  out  at  18-day  intervals  to  correspond  with 
satellite  passes  (LANDSAT)  and  retrieved  after  36  days.  A  substrate  was 
retrieved  by  grasping  it  just  below  the  float  with  a  pair  of  surgical 
hemostats  and  raising  it  from  the  water  until  1  m  of  line  was  exposed. 
The  line  was  then  grasped  with  a  2nd  pair  of  hemostats  and  cut  with 
wire  cutters  above  the  lower- pair  of  hemostats  so  that  a  1  m  section  of 
line  was  in  the  grasp  of  the  upper  hemostat.  Hemostats  have  the  qual¬ 
ity  of  firmly  grasping  the  line  without  severing  it.  As  each  section  of 
line  was  cut,  it  was  coiled  into  a  bottle  of  tap  water  for  transport  to  the 
laboratory.  Periphyton  detached  in  handling  was  rinsed  from  the 
hemostats  and  fingers  into  the  appropriate  bottle.  In  the  laboratory, 
the  periphyton  was  stripped  from  the  lines  by  hand,  rinsing  all  mate¬ 
rials  into  the  transport  bottles.  The  contents  of  each  bottle  were  then 
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filtered  using  vacuum  filtration  and  Whatman  Glass  Fiber  filters. 
Organic  content  was  estimated  by  loss  on  ignition  (Vollenweider, 
1974),  utilizing  drying  at  105  C  for  1  hr  and  ashing  at  550  C  for  1  hr. 

Samples  were  collected  from  December  1973  through  July  1976.  A 
substantial  number  of  lines  were  lost,  especially  during  summer  when 
inquisitive  fishermen  were  plentiful.  During  colder  months,  a  much 
better  retrieval  rate  was  attained.  Preliminary  studies  revealed  the 
optimum  length  of  exposure  enabling  substrates  to  reach  a  biomass 
accumulation  plateau  before  significant  sloughing  occurred.  A  repli¬ 
cate  series  of  3  lines  was  used  during  September  and  October  1974  to 
estimate  variability  among  substrates. 

RESULTS 

From  December  1973  through  mid-March  1974  the  reservoir  was 
mixed  and  the  periphyton  community  was  characterized  by  greatest 
biomass  accumulation  near  the  surface,  decreasing  sharply  with  depth 
(Fig.  2).  Biomass  increased  after  the  reservoir  overturn  in  December  to 
a  maximum  for  the  21  January-20  February  colonization  period,  then 
decreased.  The  5  March- 1  April  colonization  period  was  considered 
transitional.  The  characteristic  mixing  periphyton  profile  was  no 
longer  evident  and  maximum  periphyton  biomass  was  found  at  lower 
depths.  By  the  18  March- 15  April  period,  the  reservoir  was  stratified 
(Fig.  3).  A  general  decrease  in  periphyton  biomass  was  found  in 
summer  1974  after  stratification  had  persisted  for  several  months. 
Replicate  substrates  utilized  in  September-October  1974  indicated  rea¬ 
sonably  high  precision  between  biomass  magnitudes.  Profile  shapes 
had  small  but  insignificant  differences  (Fig.  3).  High  surface  produc¬ 
tion  during  January  1974  was  not  repeated  in  January  1975  (Figs.  2,3). 

Biomass  again  decreased  during  stratification  in  1975  and  exhibited 
erratic  vertical  distribution.  The  June-July  incubation  period  produced 
a  large  quantity  of  biomass  at  2  different  depths  (Fig.  4).  This  unusu¬ 
ally  high  periphyton  concentration  was  followed  in  late  July  and 
August  by  the  lowest  values  for  the  entire  study.  The  transition  from 
stratification  to  mixing  again  showed  an  increase  in  biomass  and 
development  of  a  surface  maximum  (Fig.  4). 

December  through  early  February  samples  for  1976  (Fig.  5)  exhibited 
high  biomass  in  the  top  2  or  3  m,  highest  for  the  entire  study,  followed 
by  a  sharp  decrease  with  depth  similar  to  1974  (Fig.  2).  Spring  and 
summer  1976  samples,  during  stratification,  varied  erratically.  Results 
of  a  t-test  for  unequal  sample  sizes  showed  significant  differences  in 
vertical  periphyton  distribution  between  periods  of  reservoir  mixing 
and  stratification  (p  0.01).  The  vertical  distribution  of  periphyton  bio¬ 
mass  during  stratification  displayed  no  distinct  trends  (Table  1).  Mean 
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Figure  3.  Periphyton  production  (g  organic  matter  m"2)  profiles  (upper  7  m)  on  mono¬ 
filament  nylon  line  suspended  in  southern  Toledo  Bend  Reservoir,  spring 
1974-spring  1975. 
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Figure  4.  Periphyton  production  (g  organic  matter  m  2)  profiles  (upper  7  m)  on  mono¬ 
filament  nylon  line  suspended  in  southern  Toledo  Bend  Reservoir,  spring 
1975-fall  1975. 
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TABLE  1 

Net  Periphyton  Production  (g  Organic  Matter  in'1)  During  Periods  of  Thermal  Stratifica¬ 
tion  in  Toledo  Bend  Reservoir 


Period  of  Incubation  Depth  (m) 


1974 

0-1 

1-2 

2-3 

3-4 

4-5 

Total 

Mean 

18  Mar-15  Apr 

1.77 

7.28 

3.16 

2.25 

1.37 

15.83 

3.17 

16  Apr-20  May 

1.41 

2.82 

3.36 

4.40 

5.69 

17.68 

3.54 

20  May-17  Jun 

0.90 

1.55 

2.01 

1.49 

1.75 

7.70 

1.54 

3  Jun-1  Jul 

1.27 

1.21 

2.43 

1.99 

2.39 

9.29 

1.86 

17  Jun-15  Jul 

1.93 

1.53 

1.23 

1.31 

1.27 

7.17 

1.43 

1  Jul-6  Aug 

2.09 

2.41 

1.81 

1.59 

1.55 

9.45 

1.89 

6  Sep- 16  Oct  #  1 

3.06 

2.88 

2.94 

1.91 

2.31 

13.10 

2.62 

6  Sep- 16  Oct  #  2 

2.53 

2.17 

2.01 

1.55 

2.07 

10.33 

2.07 

6  Sep- 16  Oct  #  3 

3.44 

3.04 

1.29 

1.49 

1.17 

10.43 

2.09 

1975 

22  Mar-28  Apr 

0.18 

0.78 

0.46 

0.56 

0.14 

2.12 

0.42 

10  Apr- 16  May 

0.48 

0.64 

0.76 

0.70 

1.19 

3.77 

0.75 

28  Apr-3  Jun 

0.62 

0.62 

0.38 

1.97 

1.19 

4.78 

0.96 

16  May-20  Jun 

0.66 

0.68 

0.82 

0.84 

1.63 

4.63 

0.93 

20  Jun-26  Jul 

4.06 

5.93 

1.83 

1.25 

7.44 

20.51 

4.10 

26  Jul-31  Aug 

0.50 

0.56 

0.40 

0.60 

0.44 

2.50 

0.50 

18  Sep-24  Oct 

1.01 

1.57 

1.09 

0.62 

0.70 

4.99 

1.00 

6  Oct- 11  Nov 

3.50 

3.60 

2.59 

1.63 

1.87 

13.19 

2.64 

1976 

10  Mar-30  Apr 

2.69 

1.03 

0.90 

1.03 

1.13 

6.78 

1.36 

7  Jun- 12  Jul 

0.52 

3.80 

2.61 

1.31 

1.41 

9.65 

1.93 

23  Jun-29  Jul 

0.60 

0.56 

0.80 

0.86 

0.84 

3.66 

0.73 

Total 

31.45 

37.38 

29.72 

27.10 

36.08 

Mean 

1.66 

1.97 

1.56 

1.43 

1.90 

periphyton  biomass 

was  greatest 

from 

1-2  m  (1.97  g/m 

2),  followed  by 

4-5  m  (1.90  g/m2). 

These 

means 

were 

slightly  greater  than  for  0-1  m 

(1.66  g/m2),  2-3  m 

(1.56/ 

m2)  and  3-4 

m  (1.43 

g/m2). 

Highest 

mean 

periphyton  biomass  generally  occurred  in  the  fall  near  overturn  or  in 
spring  during  early  stratification.  The  single  exception  occurred  in  the 
20  June-26  July  1975  samples  when  there  were  2  peaks  in  the  vertical 
periphyton  distribution  at  0.2  m  and  4-5  m  (Fig.  4). 

Vertical  periphyton  biomass  distribution  for  periods  of  reservoir 
mixing  indicated  a  pattern  of  decreasing  biomass  with  increasing 
depth  (Table  2).  While  means  were  much  higher  in  the  top  3  m  during 
mixing,  mean  periphyton  biomass  at  3-4  and  4-5  m  was  comparable  to 
that  observed  during  periods  of  reservoir  stratification  (Tables  1,  2). 
Highest  mean  periphyton  biomass  was  found  in  winter  for  1973-1974 
and  1975-1976  but  not  for  1974-1975  (Table  2).  The  winter  of  1975-1976 
had  mean  periphyton  biomass  values  almost  twice  those  for  1973-1974. 
Lowest  means  were  generally  in  late  winter  at  the  onset  of  stratifica¬ 
tion  or  in  fall  just  as  mixing  began  (Table  2). 
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TABLE  2 

Net  Periphyton  Production  (g  Organic  Matter/m2)  During  Periods  of  Thermal  Mixing 
and  Transition  in  Toledo  Bend  Reservoir 


Period  of  Incubation 

Depth  (m) 

Mixing 

0-1 

1-2 

2-3 

3-4 

4-5 

Total 

Mean 

1973-1974 

3  Dec-7  Jan 

4.53 

4.48 

2.43 

0.95 

1.11 

13.50 

2.70 

7  Jan-4  Feb 

15.71 

6.88 

2.74 

3.22 

2.90 

31.45 

6.29 

21  Jan-20  Feb 

24.90 

6.17 

4.14 

0.90 

0.70 

36.81 

7.36 

5  Feb-5  Mar 

17.54 

8.63 

4.10 

2.88 

3.02 

36.17 

7.23 

20  Feb- 18  Mar 

15.18 

5.19 

2.05 

0.72 

0.97 

24.11 

4.82 

1975 

28  Jan-4  Mar 

1.21 

1.45 

1.27 

2.31 

3.26 

9.50 

1.90 

1975-1976 

2  Dec-6  Jan 

7.86 

4.60 

1.01 

0.52 

0.50 

14.49 

2.90 

17  Dec-22  Jan 

32.28 

17.30 

5.79 

1.11 

0.18 

56.66 

11.33 

6  Jan-9  Feb 

30.83 

20.96 

9.11 

2.55 

0.86 

64.31 

12.86 

Total 

150.04 

75.66 

32.64 

15.16 

13.50 

Mean 

16.67 

8.41 

3.63 

1.68 

1.50 

Transitional 

1974 

5  Mar-1  Apr 

1.51 

1.91 

3.66 

2.59 

1.33 

11.00 

2.20 

1975 

4  Mar- 10  Apr 

2.65 

2.03 

L.31 

0.80 

0.58 

7.37 

1.47 

24  Oct-2  Dec 

14.98 

4.75 

1.77 

0.64 

0.64 

22.78 

4.56 

1 1  Nov- 17  Dec 

3.14 

5.57 

1.31 

0.62 

0.40 

11.04 

2.21 

1976 

9  Feb-25  Mar 

2.55 

1.73 

0.96 

1.33 

0.88 

7.45 

1.49 

Total 

24.83 

15.99 

9.01 

5.98 

3.83 

Mean 

4.97 

3.20 

1.80 

1.20 

0.77 

An  analysis  of 

variance 

was 

computed  among  depths 

for 

both  the 

stratified  and  the  mixed  reservoir  samples.  No  significant  differences 
were  found  among  depths  for  the  lines  colonized  during  stratification, 
and  highly  significant  (a  =  0.01)  depth  differences  were  found  during 
mixing. 

Vertical  distribution  was  erratic  during  reservoir  transition  between 
mixing  and  stratification.  However,  means  by  depth  for  transitional 
periods  show  a  surface  maximum  and  an  orderly  decrease  with  depth 
similar  to  the  pattern  during  mixing  but  at  lower  biomass  levels 
(Table  2). 


DISCUSSION 

General  patterns  of  greatest  periphyton  biomass  near  the  surface, 
decreasing  with  depth,  might  be  expected  in  winter  during  periods  of 
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reservoir  mixing.  When  the  reservoir  was  thermally  mixed,  nutrients 
were  not  limiting  (Lukins,  1979).  Temperature  regimes  during  mixing 
in  Toledo  Bend  Reservoir  were  moderate,  generally  in  the  10-13  C 
range.  Light  intensity  during  mixing  was  reduced  by  both  seasonal 
effects  of  day  length  and  sun  angle  and  by  increased  turbidity  (Clark,  et 
ai,  1976).  The  major  factor  determining  vertical  periphyton  distribu¬ 
tion  during  mixing  appeared  to  be  light  attenuation.  During  mixing, 
the  mean  turbidity  was  15.8  FTU  with  a  secchi  disc  depth  of  0.5  m, 
while  during  stratification  the  mean  turbidity  was  reduced  to  a  mean 
of  3.4  FTU  with  a  secchi  disc  depth  of  1.4  m  (Lukins,  1979).  High 
periphyton  biomass  production  was  thus  limited  to  the  upper  3  m 
(Figs.  2,  4,  5). 

Periods  of  stratification  in  Toledo  Bend  Reservoir  were  concurrent 
with  low  periphyton  biomass  accumulation  and  poorly  defined  distri¬ 
bution  patterns  (Figs.  3,  4,  and  5).  The  general  biomass  decrease  was 
probably  due  to  decreased  nitrate  availability  in  the  epilimnion  during 
stratification  (Lukins,  1979).  Patterns  of  biomass  reduction  were  not 
associated  with  the  higher  summer  temperatures  (Figs.  2,  3,  4,  5).  Even 
though  vertical  distribution  patterns  were  not  uniform,  certain  trends 
were  evident.  Reduced  biomass  was  usually  found  in  the  upper  1  or  2 
m,  suggesting  photoinhibition  caused  by  higher  summer  light  inten¬ 
sity  and  greater  light  penetration  in  less  turbid  water.  Below  this  upper 
level,  a  zone  of  optimum  growth  and  maximum  biomass  accumulation 
occurred.  The  depth  of  this  zone  varied  among  sample  lines. 

Diatoms  were  the  dominant  attached  algae  during  both  stratification 
and  mixing;  only  the  groups  of  secondary  dominance  changed.  During 
stratification  when  water  temperature  was  maximal  blue-green  algae 
were  the  secondary  dominants  while  during  mixing  green  algae  were 
secondary.  Results  of  periphyton  analyses  from  submerged  timber 
revealed  a  higher  portion  of  blue-green  algae  and  a  lower  proportion 
of  diatoms  than  was  found  on  artificial  substrates  (Lukins,  1979).  An 
occasional  hourglass  configuration  of  biomass  distribution,  as  shown 
in  Fig.  4  (20  June  -  26  July)  and  Fig. 5  (10  march  -  30  April),  was  found 
during  stratification.  When  samples  of  the  periphyton  were  examined 
from  each  of  the  2  areas  of  accumulation,  they  were  found  to  be  domi¬ 
nated  by  different  groups  of  organisms.  Primary  producers  dominated 
the  upper  areas  of  concentration  while  the  bottom  zones  were  domi¬ 
nated  by  heterotrophic  ciliates  ( Epistylis  sp.). 

In  winter  1975  the  periphyton  biomass  was  atypically  low  and  lacked 
the  characteristic  depth  distribution  (Fig.  3).  December  1974 — January 
1975  received  extremely  high  rainfall  and  Toledo  Bend  Reservoir 
reached  the  maximum  elevation  of  its  10-yr  existence.  The  authors 
hypothesize  that  high  turbidity,  lower  nutrients  caused  by  flushing  and 
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dilution,  and  perhaps  some  increased  sloughing  accounted  for  low 
biomass  accumulation. 

The  obvious  differences  in  periphyton  biomass  accumulation 
between  periods  of  stratification  and  mixing  are  attributed  to  nitrate 
depletion  and  high  water  temperatures  during  stratification  causing  a 
shift  in  species  composition  toward  the  blue-green  algae.  Further 
reductions  near  the  surface  were  caused  by  photoinhibition  (Clark,  et 
al.,  1976).  The  significant  differences  among  depths  during  mixing  are 
apparently  the  result  of  light  attenuation. 

The  variability  among  samples  taken  at  the  same  time  and  place  was 
relatively  small  when  compared  to  studies  of  natural  substrates 
(Schindler,  et  al.,  1973;  Lukins,  1979).  The  mean  periphyton  biomass 
for  the  3  replicates  (top  5  m)  was  2.62,  2.07,  and  2.09  g  organic  mat- 
ter/nT  Fig.  5,  Table  1).  This  uniformity  is  probably  due  to  the  uni¬ 
formity  of  artificial  substrates  which  is  a  major  advantage  of  their  use. 

Vertical  periphyton  biomass  accumulation  on  nylon  lines  appears  to 
be  a  good  biological  indicator  of  the  physicochemical  conditions  in  a 
reservoir  during  a  given  period.  Although  algae  assemblages  differ 
between  natural  and  artificial  substrates,  biomass  accumulation  on 
artificial  substrates  serves  as  an  indicator  of  the  growth  potential  for 
natural  substrates. 
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SUBSAMPLING  BIAS  WHEN  USING  A  KEMMERER  WATER  SAMPLER 
TO  DETERMINE  SETTLEABLE  SOLIDS.—  C.  E.  Cichra  and  W.  J.  Clark, 
Department  of  Wildlife  and  Fisheries  Sciences,  Texas  A&M  University,  College  Station 
77843 

Watershed  characteristics  and  current  velocity  combine  to  affect  the  amount  and  parti¬ 
cle  size  distribution  of  suspended  materials  in  a  stream.  When  the  water  is  enclosed  in  a 
sample  container  and  current  influence  is  removed,  the  particles  will  begin  to  settle,  with 
the  settling  rate  related  to  particle  size. 

Water  quality  samples  are  commonly  obtained  by  collecting  water  with  a  sampling 
device,  then  removing  a  subsample  for  analysis.  Gardner  (1977)  investigated  subsampling 
bias  for  determining  settleable  solids  with  samples  from  a  30-liter  Hiskin  bottle,  which 
has  withdrawal  tubes  on  the  side  of  the  sampler.  He  found  that  subsamples  underesti¬ 
mated  the  true  concentration  within  the  sampler. 

This  study  reports  on  sampling  bias  found  when  taking  subsamples  from  one  of  the 
most  commonly  used  types  of  water  samplers,  a  Kemmerer  water  bottle,  with  a  with¬ 
drawal  tube  in  the  lower  closure.  This  study  was  conducted  as  a  part  of  Texas  Agricultu¬ 
ral  Experiment  Station  projects  H-6259  and  S-6206. 

Procedures 

Using  an  1890  ml  PVC  Kemmerer  sampler,  seven  samples  were  collected  on  16 
November  1977  from  Peach  Creek,  Brazos  County,  Texas,  a  tributary  of  the  Navasota 
River.  Samples  were  taken  from  a  pool  30  m  downstream  from  the  Texas  Highway  6 
bridge,  20.8  km  south  of  the  city  of  College  Station.  At  this  point,  the  stream  was 
approximately  10  m  wide  and  1.1  m  deep.  The  sampler  was  deployed  at  middepth. 
Within  seconds  after  each  sample  was  taken,  five  subsamples  were  sequentially  with¬ 
drawn  into  300  ml  BOD  bottles.  The  only  delay  between  extracting  subsamples  was  that 
involved  in  subsample  bottle  change. 

Samples  were  returned  to  the  lab  and  allowed  to  settle  undisturbed  for  48  hrs.  The 
uppermost  250  ml  of  each  bottle  was  siphoned  off  and  discarded.  The  remaining  samples 
were  transferred  from  the  bottles  into  prewashed  and  weighed  porcelain  evaporating 
dishes  by  three  rinses  of  20  ml  of  distilled  water  each.  The  samples  were  then  oven  dried 
at  60  C  for  24  hrs,  cooled  in  a  dessicator  for  20  hrs,  and  weighed  to  the  nearest  0.1  mg. 
Dry  weights  of  settleable  solids  in  mg/liter  were  calculated  from  sample  weights  and  bot¬ 
tle  volumes. 

Results 

The  mean  dry  weight  of  settleable  solids  and  standard  deviation  were  409.6  and  14.3 
mg/liter,  respectively,  for  the  35  subsamples.  Subsample  concentration  means  and  ranges 
are  presented  by  subsample  number  in  Table  1. 

Since  the  primary  interest  of  this  study  was  to  test  for  differences  amongst  subsamples, 
variation  due  to  samples  was  partitioned  out  by  performing  a  two-way  analysis  of  var¬ 
iance  test.  This  test  showed  that  significant  differences  existed  among  the  seven  samples 
(p  =  0.0032)  and  five  subsamples  (p  —  0.0001).  Serial  correlation  among  subsamples  is 
present,  but  is  considered  to  be  negligible.  The  fact  that  the  samples  differed  signifi¬ 
cantly  is  not  germaine  to  the  subsampling  question,  but  does  reinforce  the  need  for 
replication  in  such  sampling. 
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TABLE  1 

Concentration  of  settleable  solids  in  five  sequential  subsamples  from  each  of  seven 
Kemmerer  water  bottle  samples. 


Subsample 

Number 

Mean 

(mg/1) 

Range 

(mg/1) 

1 

428.0 

410.4-454.3 

2 

427.6 

396.8-473.1 

3 

402.1 

390.5-414.3 

4 

393.9 

384.2-411.3 

5 

396.3 

379.2-432.7 

Results  of  a  Duncan’s 

multiple  range  test  of  the 

Subsample:  1  2 

subsample  means  are  shown  below: 

3  5  4. 

Subsamples  1  and  2  were  not  significantly  different  from  each  other,  but  were  signifi¬ 
cantly  different  from  subsamples  3,  4  and  5,  which  were  not  significantly  different  from 
each  other. 

Conclusion 

Subsampling  from  a  Kemmerer  bottle  is  not  an  acceptable  method  for  assessing  settle- 
able  solids.  Entire  samples  should  be  processed,  with  replication. 
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2-ALKYL-3-(3-PRIDYL)-CINCHONINIC  ACIDS. — Eldon  H.  Sund,  Edwin  A. 
McDonald  and  Thad  H.  Gillespie,  Department  of  Chemistry,  Midwestern  State  Univer¬ 
sity,  Wichita  Falls,  TX  76308. 

Six  2-alkyl-3-(3-pyridyl)-cinchoninic  acids  (2-alkyl-3-(3-pyridyl)-4-carboxyquinolines) 
were  prepared  by  the  interaction  of  the  requisite  l-(3-pyridyl)-2-alkanone  with  isatin 
under  Pfitzinger  conditions  (W.  Pfitzinger,  1886,  J.  Prakt.  Chem. ,  [2]  33:100)  as  modified 
by  Henze  and  Carroll  (H.  R.  Henze  and  D.  W.  Carroll,  1954,  J.  Amer.  Chem.  Soc., 
76:4580).  Table  1  lists  yield,  decomposition  temperature,  and  elemental  analyses  for  these 
2-alky l-3-(3-pyridyl)-cinchoninic  acids. 

Experimental 

The  l-(3-pyridyl)-2-alkanones  were  synthesized  (D.  L.  Krottinger,  R.  M.  Schumacher, 
E.  H.  Sund  and  T.  J.  Weaver,  1974?  /.  Chem.  Eng.  Data,  19:392),  while  the  remainder  of 
the  reactants  were  obtained  commercially  and  used  without  further  purification.  Elemen¬ 
tal  analyses  were  performed  by  the  Huffman  Microanalytical  Laboratories,  Wheatridge, 
CO.  Melting  points  were  determined  on  a  Thomas  Hoover  melting  point  apparatus  and 
were  corrected.  Decomposition  was  noted  at  the  melting  points.  Yields  represent  single 
preparations  and  yields  increased  as  experience  in  preparations  was  gained.  An  nmr 
spectrum  was  obtained  for  each  cinchoninic  acid  using  a  Perkin-Elmer  R-32  instrument. 
The  samples  were  prepared  in  trifluoroacetic  acid  at  approximately  10%  concentration. 
No  anomalous  signals  were  detected.  The  following  example  illustrates  the  general 
procedure  for  the  synthesis  of  the  2-alkyl-3-(3-pyridyl)-cinchoninic  acids. 


NOTES 


TABLE  1 

2-Alkyl-3-(3-Pyridyl)-Cinchoninic  Acids 
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o 


R 

% 

Yield1 

Mp,  (DEC)°C 

Analyses 

Calculated 

Found 

C 

H 

N 

C 

H 

N 

ch3 

64 

309-311 

63.99 

5.37 

9.322 

63.79 

5.35 

9.44 

C2H5 

37 

283-285 

73.38 

5.04 

10.07 

72.98 

4.87 

9.85 

rc-C3H7 

34 

269-271 

73.97 

5.49 

9.59 

73.81 

5.22 

9.41 

n-G*H9 

73 

142-144 

70.35 

6.21 

8.643 

70.33 

6.10 

8.62 

iso-GjHg 

71 

262-264 

74.48 

5.93 

9.15 

74.52 

5.97 

9.06 

n-CsHi, 

54 

145-147 

70.97 

6.57 

8.283 

70.67 

6.54 

8.11 

'After  one  recrystallization. 

2 Calculated  for  two  waters  of  hydration. 
Calculated  for  one  water  of  hydration. 


2-Pentyl-3-(3-pyridy l)-cinchoninic  Acid.  A  mixture  of  3.65  g  (0.025  mole)  isatin,  5.0  g 
(0.025  mole  +  5%  excess)  of  l-(3-pyridyl)-2-heptanone,  and  12.5  ml  of  a  34%  potassium 
hydroxide  in  a  50%  ethanol-water  solution  and  20  ml  of  water  was  stirred  on  a  steam 
bath  for  72hr.  The  solvent  was  removed  by  a  water  aspirator  until  a  moist  paste 
remained,  which  was  dissolved  in  water,  and  the  solution  extracted  with  ether  to  remove 
any  unreacted  ketone.  Addition  of  concentrated  hydrochloric  acid  to  pH  8.0  produced  a 
small  amount  of  brownish  gray,  noncombustible  matter,  which  was  discarded.  Further 
addition  of  concentrated  hydrochloric  acid,  to  pH  5.5,  resulted  in  the  formation  of  a 
thick,  yellow-tan  precipitate  which  was  removed  by  filtration.  The  crude  2-pentyl-3-(3- 
pyridyl)-cinchoninic  acid,  thus  obtained,  was  treated  with  activated  charcoaland  recrys¬ 
tallized  from  95%  ethyl  alcohol,  4.32  g  (54%  yield,  m.p.  145-147  dec  C). 

We  gratefully  acknowledge  financial  support  by  the  Robbert  A.  Welch  Foundation 
(Grant  No.  AO-413). 
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THE  DISTRIBUTION  OF  CORBICULA 

(BIVALVIA:  CORBICULIDAE)  IN  THE  BRAZOS  RIVER 

SYSTEM,  TEXAS,  25  AUGUST-12  NOVEMBER  1980 


by  CHARLES  E.  FONTANIER1 

Department  of  Biology 
Baylor  University 
Waco ,  TX  76798 

ABSTRACT 

Corbicula  was  probably  introduced  into  the  Brazos  River  system  in  1972-1973  and  it  is 
now  the  most  common  bivalve  wherever  it  is  found.  Densities  as  high  as  2500-3500 
clams/m2  are  reported.  It  was  found  at  34  of  66  sites.  Those  sites  not  containing  Corbic¬ 
ula  include:  Lake  Kirby  (Taylor  Co.),  Buffalo  Springs  Lake  (Lubbock  Co.),  the  Navasota 
River  and  all  of  its  lakes  (except  perhaps  near  its  confluence  with  the  Brazos  River),  Salt 
Fork  and  Double  Mountain  Fork  of  the  Brazos  River,  White  River  (exclusive  of  White 
River  Lake),  all  intermittent  or  shallow  feeder  streams,  and  the  area  below  Road  1462 
near  Rosharon  (Fort  Bend/Brazoria  counties)  to  the  Gulf  of  Mexico.  At  least  two  forms  of 
Corbicula  are  reported:  the  generally  northern  type  has  white  nacre  with  purple  high¬ 
lights,  a  yellow  or  brown/black  exterior,  and  an  angular  posterior  shell  shape  in  the 
adult;  the  southern  type  has  deep  purple  nacre  and  exterior,  is  smaller  in  size,  and  gener¬ 
ally  has  a  thinner,  more  equilateral  shell.  Some  Corbicula  shells  in  the  middle  and 
southern  areas  have  anterior-posterior  brown  pigment  markings.  Both  forms  may  be 
found  together  in  some  southern  locales  but  the  purple  form  becomes  predominant 
further  downstream.  Southern  river  and  stream  shells  of  both  types  tended  to  be  smaller 
than  northern  forms  and  may  indicate  a  more  recent  introduction,  genetic  variation,  or 
environmental  stress.  Hand  collecting,  net  dredging  and  skin  diving  methods  were  used 
to  collect  the  samples. 

Considering  the  short  period  of  time  that  Corbicula  is  thought  to  have  been  in  the 
Brazos  River  system,  expansion  of  its  range  is  probably  not  complete.  Increased  use  of 
Lake  Limestone  may  encourage  its  spread  to  the  Navasota  River. 

INTRODUCTION 

“ Corbicula' ’  is  used  in  this  paper  to  designate  the  species  of  the 
genus  Corbicula  found  in  North  America.  This  introduced  clam  has 
previously  been  called  “manilensis" ,  “fluminalis" ,  “ fluminea ”,  or 
“ leana ”.  Recent  authorities  designate  the  Corbicula  in  the  United 
States  as  all  “fluminea"  (Britton  and  Morton,  1979).  In  this  paper  a 
new  Texas  form  of  Corbicula  is  reported.  Because  taxonomy  and  popu¬ 
lation  genetics  remain  uncertain  the  generic  convention  is  used  herein 
to  reduce  confusion. 
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Since  it  was  first  reported  in  west  Texas  in  “West  Drain”  of  the 
Mesilla  Valley  (Rio  Grande  drainage  system)  near  El  Paso  (Metcalf, 
1966),  the  Asiatic  clam,  Corbicula,  has  spread  rapidly  to  other  Texas 
drainage  systems.  Britton  and  Murphy  (1977)  note  that  Corbicula  had 
not  appeared  in  the  Brazos  River  system  as  of  April,  1975,  but  that  it 
was  prolific  in  the  nearby  Trinity  River  system.  Calnan  (1976)  and  Lit¬ 
tleton  (1979)  do  not  report  Corbicula  in  their  extensive  study  of  the 
mussel  fauna  in  the  Navasota  River,  a  tributary  of  the  Brazos  River, 
between  Sept.,  1972,  and  May,  1975.  A  mussel  survey  of  Lake  Brazos 
was  conducted  (Waco,  McLennan  Co.)  from  May  through  Oct.  1975 
and  no  Corbicula  were  found.  In  the  spring  of  1976,  L.  Brown  col¬ 
lected  small  dead  Corbicula  shells  (SM5821-SM5830)  at  the  Falls  of  the 
Brazos  (Marlin,  Falls  Co.),  which  was  downstream  from  all  areas 
searched  previously  on  the  Brazos  River.  However,  a  late  report  in  the 
literature  (Britton  and  Morton,  1979)  mentions  that  the  clam  was  col¬ 
lected  from  Lake  Granbury  (Hood  Co.)  on  19  Sept.  1974;  this  investiga¬ 
tor  received  4  cm  paired  valves  of  dead  Corbicula  which  were  collected 
as  “shell  litter”  at  the  same  lake  on  22  Aug.  1976  by  J.  Cowsar 
(SM5846,  SM5789-SM5792,  previously  unreported).  (“Shell  litter”  is 
herein  used  to  mean  dead  valves,  paired,  unpaired,  or  fragments  of 
valves  that  are  found  in  the  bottom  sediments  of  rivers,  lakes,  or 
streams  or  on  their  banks.)  According  to  published  growth  rate  infor¬ 
mation  (Britton  et  ah,  1979;  Britton  and  Morton,  1979)  a  4  cm  clam 
may  represent  a  third  or  fourth  year  class  so  that  the  introduction  of 
Corbicula  into  the  Brazos  River  system  may  have  occurred  as  early  as 
1972-1973.  The  supposition  is  that  the  Cowsar  specimens  represent  the 
dead  shells  of  the  original  population  and  not  discarded  emigrants,  and 
that  they  had  recently  expired. 

In  August  1980  this  investigator  discovered  uncatalogued  Corbicula 
shells  in  Strecker  Museum,  Baylor  University  (Waco,  Texas),  collected 
in  July,  1980,  from  Lake  Waco  (Bosque  River,  Brazos  River  system; 
McLennan  Co.),  a  previously  unreported  site.  This  discovery  stimulated 
the  present  survey  of  the  Brazos  River  system. 

STUDY  AREA 

The  Brazos  River  system  is  the  largest  drainage  system  within  Texas, 
draining  approximately  110,880  km2.  It  is  approximately  1350  km  long, 
and  crosses  almost  all  physiographic  regions  in  Texas  (Pass,  1977).  The 
river  originates  as  three  forks  in  west  Texas:  the  Salt  Fork  (most  north¬ 
ern  and  fed  by  the  White  River),  the  Double  Mountain  Fork,  and  the 
Clear  Fork  (most  southern).  These  drain  salt  and  gypsum  deposits  and 
make  the  respective  forks  “mildly  saline”  to  “brine”  depending  on  the 
year  and  season  (Spencer,  1966).  Major  rivers  that  enter  the  Brazos 
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River  include  the  Bosque,  Little  (Leon  and  San  Gabriel),  Little  Brazos, 
Navasota,  and  Yegua  (Belisle,  undated). 

Man  has  altered  the  historical  quality  of  the  Brazos  River  flow. 
Major  cities  are  located  in  close  proximity  to  the  Brazos  River  and  from 
northwest  to  southeast  are:  Lubbock  (Lubbock  Co.),  Abilene  (Taylor 
Co.),  Waco  (McLennan  Co.),  Temple  (Bell  Co.),  Bryan  (Brazos  Co.), 
and  Freeport  (Brazoria  Co.)  on  the  Gulf  of  Mexico.  Urban  sprawl  has 
increased  the  number  of  homes  situated  in  proximity  to  the  water.  Pro¬ 
cessed  sewerage  water  is  released  from  cities  and  towns  into  the  system. 
Petro-organic  compounds  are  probably  present  since  the  river  flows 
through  farms,  ranches,  oil  fields,  and  industrial  areas.  Gross  water 
flow  fluctuations  were  once  detrimental  to  construction  along  or  across 
the  Brazos  River  and  Strecker  (1931)  claimed  that  “shifting  sands  and 
changes  in  the  channel  of  the  Brazos  River  proper  are  responsible  for 
the  destruction  annually  of  hundreds  of  thousands  of  mussels.”  A  series 
of  dams  has  been  constructed  on  the  river  and  its  tributaries  (Figure  1). 
The  impoundments  have  moderated  the  discharge  extremes,  though  the 
reservoir  levels  vary  considerably  seasonally  and  from  year  to  year. 


Figure  1.  The  distribution  of  Corbicula  in  the  Brazos  River  system,  Texas  between  25 
Aug.  and  12  Nov.  1980  from  66  selected  sites.  The  filled  circles  represent  sites 
where  Corbicula  was  present;  the  empty  circles  represent  sites  where  no  Cor¬ 
bicula  was  found;  the  half-filled  circle  represents  one  site  where  a  population 
may  exist. 
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MATERIALS  AND  METHODS 

Every  major  lake  and  tributary  of  the  Brazos  River  system  were 
searched  for  Corbicula  shells  between  25  Aug.  and  12  Nov.  1980.  Excep¬ 
tions  were  Lake  Abilene  (inaccessible),  and  Lakes  Graham  and  Gran- 
bury.  This  investigator  received  verbal  confirmation  of  their  presence  in 
Lake  Graham  and  there  had  been  two  previous  positive  reports  from 
Lake  Granbury.  Collection  sites  at  the  lakes  or  rivers  were  selected  with 
several  biases  to  cover  the  most  favorable  habitats.  First,  all  available 
boat  ramps  and  power  plant  areas  were  searched  for  shell  litter  or  live 
populations.  Experience  in  the  field  indicates  that  if  there  are  no  clams 
at  the  ramps  and  if  the  power  plants  do  not  have  a  clam  problem,  then 
the  clam  is  probably  not  present.  Second,  easy  road  access  to  the  sites 
was  mandated  by  the  large  number  of  sites  visited  and  time  limitations. 
Third,  sand-mud  habitat  was  searched  since  this  is  the  preferred  sub¬ 
strate  (Britton  and  Murphy,  1977;  Gardner  et  al.,  1976).  Fourth,  recently 
exposed  moist  sand  and  mud  were  scrutinized  for  small  0.1-2  cm  deep 
holes  which  almost  always  contain  Corbicula.  Fifth,  areas  with  aquatic 
plants  or  rushes  were  searched,  another  productive  clam  habitat. 

In  lakes  Corbicula  inhabits  shallow,  stable  shorelines  in  greater  con¬ 
centrations,  size,  and  frequency,  probably  due  to  its  poor  tolerance  of 
air  and  heat  exposure  (McMahon,  1979).  Area  lakes  were  1. 8-3.0  m  low 
at  the  beginning  of  the  study  and  it  rained  heavily  during  the  course  of 
the  study.  This  caused  rapid  filling  of  the  rivers  and  lakes  over  their 
maximum  summer  retreat  levels  which  may  have  affected  population 
estimates. 

Several  collection  techniques  were  used.  Clams  were  hand  collected 
as  they  were  found;  this  was  most  successful  at  boat  ramps  and  along 
the  shore  of  lakes.  A  0.5  cm  nylon  mesh,  45  cm  in  diameter  push  net 
was  used  in  all  streams  and  rivers.  This  increased  the  amount  of  mate¬ 
rial  collected  including  young  populations  that  ordinarily  would  have 
been  missed.  Occasionally  this  investigator  used  skin  diving  with  a 
mask  and  snorkel.  Local  fishermen,  bait  store  owners,  and  power  plant 
personnel  assisted  in  locating  populations  and  providing  historical 
data. 

All  material  was  brought  to  the  laboratory,  processed  using  standard 
museum  techniques,  and  deposited  in  the  mollusk  collection  at  Strecker 
Museum,  Baylor  University,  Waco,  Texas.  Shell  lengths  were  taken 
with  vernier  calipers  using  standard  techniques  as  in  Joy  and  Laidley 
(1975)  or  St.  John  (1973);  measurements  were  rounded  to  the  next  high¬ 
est  millimeter. 

RESULTS  AND  DISCUSSION 

Corbicula  have  been  in  all  major  drainage  systems  in  Texas  for  sev¬ 
eral  years  (Britton  and  Murphy,  1977;  O’Kane  et  al.,  1977;  Baker,  1978; 
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Pool  and  McCullough,  1979;  Britton  and  Morton,  1979).  It  is  apparent 
from  distribution  and  size  records  that  the  clam  can  be  present  for 
many  months  or  years  before  it  is  “discovered”;  shell  litter  on  a  beach 
is  commonly  the  first  indication  of  its  presence.  Hence,  a  negative  find¬ 
ing  for  a  locality  does  not  necessarily  mean  that  the  clam  is  absent 
(Britton  and  Murphy,  1977). 

In  this  study  Corbicula  were  found  at  34  sites  out  of  66  visited  in  the 
Brazos  River  system  (Fig.  1  and  Table  1);  at  31  sites  no  Corbicula  were 
found  (Fig.  1  and  Table  2);  at  one  site  questionable  broken  shell  litter 
was  found  (lower  Navasota  River).  These  findings  are  more  readily 
appreciated  if  the  drainage  system  is  divided  into  4  areas:  Northern, 
Middle,  Navasota  River,  and  Southern  areas. 

The  NORTHERN  AREA  is  arbitrarily  defined  as  the  Brazos  River 
drainage  system  upstream  from  Lake  Granbury  (Hood  Co.).  The  water 
flow  in  most  of  the  tributaries  and  forks  is  intermittent,  temperatures 
fluctuate  widely,  and  salinities  are  high.  (Salt  and  Double  Mountain 
Forks:  0-38  C  (Spencer,  1966);  2.9-71. 9%o  (TDWR,  1980).  Salinity  calcu¬ 
lations  are  based  on  chlorinity  levels  after  Am.  Public  Health  Svc. 
(1975).)  Cherry  et  al.  (1980)  report  that  less  than  2  C  in  the  field  and 
greater  than  36  C  in  the  laboratory  are  lethal  water  temperature  levels. 
Corbicula  populations  have  been  found  in  the  U.S.  tolerating  salinities 
of  17  %o,  but  the  rate  of  change  in  the  salinity  may  be  more  detrimental 
(Evans  et  al.,  1979). 

Neither  Corbicula  nor  other  bivalves  were  found  in  the  White  River 
and  the  Salt  Fork  of  the  Brazos  River.  The  flow  of  water  in  these  areas 
is  intermittent  or  minimal  and  animals  are  exposed  to  air  temperatures 
above  38  C  and  below  —18  C.  Downstream,  the  Salt  Fork  contains 
brine  and  runs  through  shifting  sands.  However,  White  River  Lake  has 
an  abundant  population  of  Corbicula  in  0.3- 1.2  m  of  water  (at  least) 
amongst  a  thick  growth  of  water  plants;  salinity  values  for  1970-1980 
ranged  between  0.07  %o- 0.24  %o  (TDWR,  1980).  This  is  the  most  west¬ 
ern  Corbicula  population  in  the  Brazos  River  system.  The  next  closest 
Brazos  River  site  is  approximately  150  km  east  from  White  River  Lake. 

The  Double  Mountain  Fork  is  intermittent  above  Buffalo  Springs 
Lake  (Lubbock,  Lubbock  Co.),  where  it  receives  percolated  drainage 
from  farms  irrigated  with  processed  sewerage  water.  Although  the  lake 
is  situated  only  about  56  km  west  of  White  River  Lake,  and  it  is  used 
extensively  for  fishing  and  boating,  no  Corbicula  were  found  or 
reported.  Buffalo  Springs  Lake  may  not  be  an  adequate  habitat.  Game 
fish  are  stocked  in  the  lake,  and  minnows  are  transported  from  Arkan¬ 
sas  for  bait;  thus,  many  of  the  proposed  methods  of  introduction  are 
available  (Britton  and  Murphy,  1977).  No  Corbicula  were  found  in  the 
Double  Mountain  Fork  below  Buffalo  Springs  Lake;  salt  and  tempera¬ 
ture  fluctuations  are  thought  to  influence  their  absence.  The  Salt  Fork 
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TABLE  1 

Location  of  35  sites  where  Corbicula  was  collected  as  “shell  litter’’  or  live  populations 
out  of  66  sites  sampled  in  the  Brazos  River  system,  Texas  between  25  Aug.  and  12  Nov. 
1980.  One  of  these  sites  contained  questionable  shell  fragments.  The  size  column  gives 
valve  lengths  in  cm.  Nacre  is  specified  by  “W/P”  (white  with  purple  highlights)  or  “P” 
(purple).  The  number  column  indicates  Strecker  Museum’s  specimen  number,  Baylor 
University,  Waco,  Tx. 


LOCATION 

RIVER 

SIZE 

FREQUENCY 

NACRE 

DATE 

NUMBER 

White  River  Lake 

White  River 

2.4- 

Abundant 

W/P 

110CT80 

SM6623 

(Crosby  Co.) 

2.6 

SM6624 

Lake  Stamford 

Clear  Fork 

3.0 

Abundant 

W/P 

110CT80 

SM6598 

(Haskell  Co.) 

Lake  Fort  Phantom  Hill 

Clear  Fork 

1.4- 

Abundant 

W/P 

110CT80 

SM6601 

(Jones  Co.) 

1.7 

Lake  Cisco 

Clear  Fork 

1.6- 

Abundant 

W/P 

01NOV80 

SM6570 

(Eastland  Co.) 

2.4 

SM6571 

Lake  Daniel 

Clear  Fork 

2.4- 

Abundant 

W/P 

01NOV80 

SM6568 

(Stephens  Co.) 

2.5 

SM6569 

Hubbard  Creek  Lake 

Clear  Fork 

2.4- 

Abund ant 

W/P 

27SEP80 

SM6599 

(Stephens  Co.) 

2.7 

SM6600 

Clear  Fork  at  Eliasville 

Clear  Fork 

1.6- 

Scattered 

W/P 

27SEP80 

SM6614 

(Young  Co.) 

3.6 

Lake  Graham 

Brazos  River 

— 

— 

— 

Verbal:  since  1977 

(Young  Co.) 

Possum  Kingdom  Reservoir 

Brazos  River 

2.7 

Abundant 

W/P 

27SEP80 

SM6606 

(Palo  Pinto  Co.) 

3.1 

SM6607 

Brazos  River  at  Brazos 

Brazos  River 

2.8 

Scattered 

W/P 

27SEP80 

SM6620 

(Palo  Pinto  Co.) 

SM6621 

Lake  Granbury 

Brazos  River 

4.0 

Abundant 

W/P 

22AUG76 

SM5789-SM5792, 

(Hood  Co.) 

SM5846 

Lake  Whitney 

Brazos  River 

1.1- 

Abundant 

W/P 

01SEP80 

SM5816- 

(Hill  and  Bosque  Co.] 

1 

2.7 

SM5820 

Below  Lake  Whitney  dam 

Brazos  River 

1.8- 

2500-3500 

W/P 

01SEP80 

SM5804- 

(Bosque  Co.) 

2.4 

per  m2 

SM5809 

Leon  River-2  sites 

Leon  River 

1.9- 

Scattered 

W/P 

01NOV80 

SM6608,  SM6609. 

(Hamilton  and  Coryell  Co.) 

2.2 

SM6572 

Lake  Leon 

Leon  River 

2.0- 

Scattered 

W/P 

01NOV80 

SM6573 

(Eastland  Co.) 

2.7 

SM6574 

Lake  Proctor 

Leon  River 

1.3- 

Scattered 

W/P 

01N0V80 

SM6565 

(Comanche  Co.) 

1.6 

SM6566 

Lake  Belton 

Leon  River 

1.7 

Scattered 

W/P 

180CT80 

SM6610 

(Bell  Co.) 

SM6611 

Below  Lake  Belton  dam 

Leon  River 

1.6 

Scattered 

W/P 

180CT80 

SM6625 

(Bell  Co.) 

Stillhouse  Hollow  Lake 

Lampasas  River 

1.7- 

Scattered 

W/P 

180CT80 

SM6631 

(Bell  Co.) 

1.8 

SM6632 

Lake  Waco-2  sites 

Bosque  River 

0.6- 

Scattered 

W/P 

25AUG80 

SM5841- 

(McLennan  Co.) 

2.3 

SM5845 

Lake  Brazos 

Brazos  River 

0.6- 

1760 

W/P 

30AUG80 

SM5810- 

(McLennan  Co.) 

3.4 

per  m^ 

SM5815 

Tradinghouse  Creek  Res. 

Tehuacana  Creek 

2.3- 

Scattered 

W/P 

30AUG80 

SM5796- 

(McLennan  Co.) 

3.7 

SM5803 

Falls  of  the  Brazos 

Brazos  River 

2.3 

Prolific 

W/P 

SPRING '76 

SM5821- 

(Falls  Co.) 

SM5830 

San  Gabriel  River-3  sites 

San  Gabriel  R. 

1.8 

Prolific 

W/P 

180CT80 

SM6626,  SM6615 

(Williamson  and  Milan  Co.) 

2.8 

Prolific 

p 

180CT80 

SM6627-SM6630 

Little  River 

Little  River 

1.6- 

Prolific 

P  &  W/P 

12NOV80 

SM6633 

(Milan  Co.) 

1.8 

Little  Brazos  River  at  Rt21  Little  Brazos 

1.4- 

Abundant 

P  &  W/P 

12NOV80 

SM6644 

(Brazos  Co.) 

River 

1.9 

SM6645 

Lake  Somerville 

Yegua  Creek 

3.3- 

Scattered 

W/P 

180CT80 

SM6612,  SM6634, 

(Burleson  and  Washington  Co.) 

3.5 

SM6635 

Brazos  River  at  Rtl05 

Brazos  River 

1.5 

Prolific 

W/P 

290CT80 

SM6616 

(Brazos  and  Grimes  Co.) 

Navasota  River  at  RtlOS 

Navasota  River 

— 

2  shell 

W/P 

290CT80 

SM6575 

(Brazos  and  Grimes  Co.) 

fragments 

SM6576 

Brazos  River  at  Rosenberg 

Brazos  River 

1.2- 

Abundant ; 

P  &  W/P 

180CT80 

SM6638- 

(Fort  Bend  Co.)  ^ 

1.8 

+Debris 

SM6640 

Brazos  River  at  Rtl462 

Brazos  River 

1.0 

-H-Debris; 

P  &  W/P 

290CT80 

SM6577- 

(Fort  Bend  Co.) 

Avg. 

Rare  live 

SM6597 

This  locality  was  previously  reported  in  Britton  and  Morton  (1979).  J.  Cowsar  collected 
the  material  recorded  herein. 

V  L.  Brown  collected  "shell  litter"  at  this  locality  in  the  spring  1976.  Corbicula  are  still 
prolific  at  this  site. 

V/  Dead  Corbicula  valves  composed  90%  of  the  collection  at  this  site;  the  majority  were  small. 
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TABLE  2 

Areas  where  Corbicula  was  not  found  from  multiple  sites  and  using  several  collection 
techniques  in  the  Brazos  River  system,  Texas  between  25  Aug.  and  12  Nov.  1980.  (31  of 
66  sites) 


Location 

River 

White  River  above  White  River  Lake 

White  River  (Salt  Fork) 

Salt  Fork 

Brazos  River 

Double  Mounain  Fork 

Brazos  River 

Feeder  streams  above  lakes 

Entire  System 

Lake  Kirby  (Taylor  Co.) 

Clear  Fork 

Buffalo  Springs  Lake  (Lubbock  Co.) 

Double  Mountain  Fork 

Navasota  River  and  all  of  its  lakes 

Navasota  River 

Road  1462  to  Gulf  of  Mexico 

Brazos  River 

and  Double  Mountain  Fork  area  was  studied  and  reported  in  a  prop¬ 
osal  for  salt  pollution  control  in  the  Brazos  River  (U.S.  Army  Engineer 
District,  1976). 

Corbicula  populations  were  found  in  all  the  lakes  along  the  Clear 
Fork  (salinity  of  0.3  %o- 3.0  %o)  except  Lake  Kirby  and  Lake  Abilene. 
Aerial  exposure  due  to  widely  fluctuating  water  levels  may  have  been  a 
factor  in  its  absence  from  Lake  Kirby,  where  several  hundred  kilometers 
of  exposed  beach  exist  before  reaching  the  waterline.  Lake  Abilene  was 
under  repair  and  was  inaccessible;  no  clams  were  found  in  three  of  its 
tributaries. 

Lake  Graham  and  Possum  Kingdom  Reservoir  both  contain  Corbic¬ 
ula-,  below  Possum  Kingdom  Reservoir  the  clam  was  not  reported  at 
the  fish  hatchery  and  it  was  not  found  within  1.6  km  downstream.  This 
absence  may  be  due  to  the  cold,  low  oxygen-content,  hypolimnetic 
water  that  is  released  from  the  dam. 

The  MIDDLE  REGION  is  designated  from  Lake  Granbury  (Hood 
Co.)  to  above  the  Little  River-Brazos  River  confluence  in  Milan  Co., 
and  above  the  Leon  River-Lampasas  River  confluence.  In  this  region 
water  quality  improves,  with  lower  salinities  and  water  temperature 
ranges  between  2-23  C.  Lake  Granbury  was  the  first  locality  in  the  Bra¬ 
zos  River  reported  to  have  Corbicula  populations  (Britton  and  Morton, 
1979).  Below  Lake  Whitney  Dam  the  maximum  concentration  of  clams 
was  2500-3500  per  m2;  periodic  release  of  stored  water  to  generate  elec¬ 
tricity  apparently  allows  the  clams  time  to  “set”  in  the  gravels  and 
provides  a  high  food  concentration  for  rapid  growth.  Tradinghouse 
Creek  Reservoir  uses  Brazos  River  water  several  times  a  year  to  replen¬ 
ish  its  water  level,  which  may  explain  why  Corbicula  was  a  problem 
there  as  early  as  1977  (H.  Riley,  pers.  comm.). 

The  NAVASOTA  RIVER  and  its  three  main  lakes  flow  through  a 
transition  zone  between  east  and  west  Texas  biological  regions,  an  area 
called  the  Post  Oak  Belt.  To  the  east  lie  the  Texas  Pine  Forest  and  soft, 
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clear  lakes;  to  the  west  are  the  prairies,  and  blacklands  with  higher  tur¬ 
bidities  and  harder  waters  (Pass,  1977).  The  Brazos  River  and  Navasota 
River  unionid  mussel  populations  differ  even  though  only  40-80  km 
separates  the  two  rivers.  Corbicula  is  also  located  east  of  the  Navasota 
River  about  50  km  in  the  Trinity  River  drainage.  Littleton  (1979)  and 
Calnan  (1976)  do  not  mention  this  clam  in  their  mussel  studies  of  the 
Navasota  River  as  previously  cited.  This  investigator  did  not  locate  it  at 
9  sites  along  the  main  channel  and  lakes.  W.  Clark  (pers.  comm.)  has 
neither  found  Corbicula  nor  heard  of  its  presence  in  the  Navasota 
River,  although  he  expects  it  to  eventually  appear.  At  a  site  below 
Bryan  and  near  Navasota,  two  fragments  of  adult  Corbicula  shells  were 
found  which  is  an  unusual  situation.  No  live  small  clams  were  discov¬ 
ered  and  the  manner  in  which  the  shells  had  been  cracked  was  suspi¬ 
cious.  This  material  appears  to  have  originated  as  bait  for  2  trot  lines 
that  were  6-9  m  from  where  the  shells  were  dredged.  It  is  still  question¬ 
able  whether  a  population  of  Corbicula  now  lives  in  the  Navasota 
River  downstream  from  this  site. 

In  the  SOUTHERN  AREA  the  Little  River  is  included  and  the  area 
below  it,  excluding  the  Navasota,  Leon,  and  Lampasas  Rivers.  This 
area  ends  at  Freeport  on  the  Gulf  of  Mexico.  In  this  region  the  Brazos 
River  generally  broadens  and  slows,  and  sediments  are  coarse  sands  and 
silts.  The  Little  Brazos  River  contained  native  unionid  mussels  and 
sphaeriad  clams  near  Hearne  (Robertson  Co.),  but  at  a  second  site  at 
Hwy.  21  (Brazos  Co.),  a  large  number  of  dead  and  live  purple-form 
Corbicula  were  found.  These  were  of  uniform  size  and  were  all  in  one 
location. 

The  southernmost  site  supporting  Corbicula  was  at  Road  1462  near 
Rosharon.  One  and  a  half  hours  of  dredging  yielded  one  live  7-8  mm 
purple-form  Corbicula  and  25  partial  valves  averaging  1.1  cm  in 
length.  Eighty  %  of  these  were  the  purple  form.  Blue  claw  crab  ( Calli - 
nectes  sapidus)  carapaces  were  found  on  the  banks.  Below  this  point 
tidal  influence  and  sedimentation  increase,  possibly  limiting  Corbicula 
populations.  The  small  size  of  the  shells  at  this  location  exemplifies 
the  tendency  of  Corbicula  to  gradually  diminish  in  size  from  north  to 
south.  This  implies  that  the  population  in  the  southern  Brazos  River  is 
not  self-sustaining  and  exists  only  seasonally  following  seeding  with 
larvae  from  upstream. 

The  shell  morphology  and  population  composition  change  from 
north  to  south  in  the  Brazos  River  system.  Northern  and  middle  area 
Corbicula  contain  nacre  with  purple  highlights;  middle  and  southern 
areas  support  increasing  numbers  of  Corbicula  with  anterior  plus  pos¬ 
terior  brown  external  shell  markings.  The  southern  shells  below  the 
Falls  of  the  Brazos  consist  of  increasing  numbers  with  deep  purple 
nacre,  a  more  equilateral  shell  shape,  and  lengths  less  than  2.8  cm.  The 
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southernmost  site  with  a  population  of  Corbicula  (Fort  Bend,  Brazoria 
Co.)  contained  small  shell  litter  (80%  purple  form  Corbicula )  and  the 
one  7-8  mm  live  purple  specimen. 

The  purple  form  has  been  found  and  reported  by  others.  J.  Britton 
(pers.  comm.)  found  the  purple  form  in  the  spring-fed  streams  of  the 
Rio  Grande  drainage;  however,  the  “typical”  form  is  found  in  the 
reservoirs  of  that  drainage.  He  has  found  the  purple  form  more  com¬ 
monly  in  alkaline  waters  with  high  evaporation  rates  and  marl  deposi¬ 
tion.  R.  Neck  (pers.  comm.)  has  also  found  the  purple  form  (5.2%)  and 
the  “typical”  form  (94.8%)  in  Lake  Raven  Huntsville  State  Park, 
(Walker  Co.)  as  early  as  14  Dec.  1977.  These  records  predate  the  present 
study  and  interestingly  record  the  purple  form  from  latitudes  similar  to 
my  Brazos  River  drainage  records.  Sinclair  and  Isom  (1963)  illustrate 
forms  from  other  states  similar  to  those  discussed  in  this  paper.  Plate  2, 
No.  31-36  (Phoenix  Country  Club)  appear  to  be  the  “purple  form”  and 
No.  15-20  appear  to  be  the  “typical  form”  mentioned  herein. 
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AN  ANALYSIS  OF  SHRIMP  UNLOADING  FACILITY 
EFFLUENT  WATERS  TO  ESTABLISH  EPA  COMPLIANCE 


by  ELISABETH  D.  ELDER 

Biology  Department 
Georgia  Southwestern  College 
Americus,  GA  31709 

ABSTRACT 

Many  of  the  seafood  processing  facilities  located  on  Gulf  of  Mexico  ports  release 
screened  effluents  directly  into  shore  waters.  As  a  result  of  this  practice,  these  facilities  are 
required  to  meet  current  and  forthcoming  EPA  guidelines  for  point  sources  of  pollution. 
This  is  a  study  of  the  character  of  the  effluents  from  shrimp  unloading  facilities  sur¬ 
rounding  Conn  Brown  Harbor  in  Aransas  Pass,  Texas.  The  processing  includes  inspec¬ 
tion,  iceing,  and  shipping  green-headless  shrimp.  Grab  samples  of  effluent  and  bilge 
samples  were  collected  over  the  8-month  peak  shrimping  season.  The  samples,  collected 
prior  to  screening,  were  analyzed  for  biochemical  oxygen  demand,  total  suspended  solids, 
and  oil  and  grease,  the  parameters  included  in  the  EPA  guidelines.  The  facilities  moni¬ 
tored  were  found  to  be  in  compliance  with  the  current  guidelines  which  are  based  on 
screening  of  the  effluents.  The  facilities  monitored  were  also  found  to  be  in  compliance 
with  forthcoming  guidelines  without  the  implementation  of  the  dissolved  air  flotation 
and  in-plant  changes  on  which  the  guidelines  are  based.  This  ability  to  comply  may  be  a 
result  of  the  simplified  handling  process  used  by  the  facilities.  Changes  in  the  product  or 
procedure  used  will  require  further  analysis. 

INTRODUCTION 

A  large  part  of  the  seafood  processing  industry  along  the  Gulf  of 
Mexico  is  located  in  areas  where  wastewater  treatment  facilities  are  not 
readily  available  or  cannot  handle  the  volume  of  industrial  effluents. 

As  a  result,  effluent  wastewaters  are  often  released  directly  into  shore 
waters.  This  aspect  of  the  seafood  processing  industry  must  operate 
under  the  limitations  established  by  the  Federal  Water  Pollution  Con¬ 
trol  Act  Amendments  of  1972  (Public  Law  92-500).  This  law  involves  a 
two-step  program  to  control  the  effluents  from  point  sources  of  pollu¬ 
tion,  The  first  step,  based  on  the  best  practicable  control  technology 
currently  available  (BPCTCA),  was  to  be  implemented  by  July  1,  1977. 
BPCTCA  limitations  were  based  on  screening  of  effluents  to  remove 
particulate  material.  The  second  step,  based  on  the  best  available  tech¬ 
nology  economically  achievable  (BATEA),  is  scheduled  to  be  imple¬ 
mented  July  X,  1983.  BATEA  limitations  are  to  be  based  on  screening 
and  dissolved  air  flotation  (DAF)  treatment  of  the  effluents  plus  in- 
plant  changes  to  decrease  effluent  volumes  (Federal  Water  Pollution 
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TABLE  1 

EPA  Guidelines  for  Point  Sources  of  Pollution  from 
Facilities  Processing  Southern  Non-breaded  Shrimp. 


Parameter  (lbs/ 1000  lbs  liveweight  processed) 
BOD5  TSS2  O&G3 


Technology  Max  30-day  Daily  Max  30-day  Daily  Max  30-day  Daily 


Guideline 

Basis 

Ave. 

Max. 

Ave. 

Max. 

Ave. 

Max. 

July  1,  1977 

S4 

— 

— 

38 

114 

12 

36 

July  1,  1983 

S,  DAF5,  IP6 

10 

25 

3.4 

8.5 

1.1 

2.8 

New  Source 

S,  DAF,  IP 

25 

63 

10 

25 

1.6 

4.0 

Performance 

Standards 

'BOD5,  biochemical  oxygen  demand. 

2TSS,  total  suspended  solids. 

3 O&G,  oil  and  grease. 

4S,  screen. 

5DAF,  dissolved  air  flotation. 

6IP,  in-plant  change. 

Information  compiled  from  Tables  1,  2,  and  3  of  the  Development  Document  (EPA, 
1974a). 

Control  Act  Amendments,  1972).  In  1974,  the  Environmental  Protection 
Agency  (EPA)  published  limitations  for  existing  facilities  and  new 
source  performance  standards  for  the  seafood  processing  industry  (EPA, 
1974a).  This  document  contains  effluent  guidelines  for  the  entire  sea¬ 
food  processing  industry.  The  shrimp  processing  industry  on  the  Texas 
coast  is  included  in  “Subcategory  L — Southern  Non-breaded  Shrimp 
Processing  in  the  Contiguous  States.”  The  guidelines  for  this  category 
are  summarized  in  Table  1  (EPA,  1974a).  One  group  of  shrimp  process¬ 
ing  facilities  which  will  have  to  meet  these  guidelines  is  the  group 
which  surrounds  Conn  Brown  Harbor  in  Aransas  Pass,  Texas.  These 
facilities  are  the  focus  of  this  study. 

In  order  to  determine  whether  the  facilities  meet  current  and  forth¬ 
coming  limitations  it  is  necessary  to  analyze  the  effluents  for  biochemi¬ 
cal  oxygen  demand  (BOD5),  total  suspended  solids  (TSS)  and  oil  and 
grease  (O  8c  G).  Harrison  and  Lee  (1968)  evaluated  effluents  from 
Pacific  coast  shrimp  processing  facilities.  Brinsfield,  et  al  (1977)  docu¬ 
mented  waste  characterization  and  disposal  for  Maryland  seafood  pro¬ 
cessing  facilities.  Ridley  and  Slabyj  (1978)  reported  on  microbiological 
evaluations  of  shrimp  processed  in  Maine.  Treatment  of  wastes  from 
Louisiana  shrimp  canning  facilities  was  studied  by  Mauldin  and  Szabo 
(1974).  The  processes  used  by  these  facilities  are  much  more  complex 
than  the  process  used  by  the  facilities  surrounding  Conn  Brown  Har¬ 
bor.  A  typical  processing  scheme  for  a  Conn  Brown  facility  is  illus¬ 
trated  by  the  diagram  in  Figure  1.  In  these  facilities,  as  in  most  of  the 
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Figure  1.  Typical  processing  scheme  for  shrimp  offloading  facilities  surrounding  Conn 
Brown  Harbor  in  Aransas  Pass,  Texas.  This  scheme  shows  the  simplified  pro¬ 
cess  the  facilities  use  in  handling  green-headless  shrimp. 


Texas  facilities,  nearly  100%  of  the  shrimp  landed  annually  are  decapi¬ 
tated  at  sea  to  extend  the  length  of  time  the  shrimp  may  be  held  on  ice 
prior  to  processing  (EPA,  1974a).  The  shrimp  are  then  handled  as  a 
green-headless  product.  The  shrimp  are  unloaded,  crated  in  100-lb  lots, 
iced,  and  shipped.  This  type  of  process  does  not  include  peeling  which 
may  contribute  approximately  70%  of  the  BOD  and  TSS  levels  of  the 
effluents  (Mauldin  and  Szabo,  1974).  Analyses  of  data  from  the  different 
processes  have  indicated  the  data  are  dissimilar  enough  to  warrant 
separate  analysis  (Mauldin  and  Szabo,  1974).  Each  different  processing 
procedure  produces  effluents  which  are  significantly  different  from  the 
effluents  of  the  other  processing  procedures.  Since  the  effluent  waters 
from  the  Conn  Brown  facilities  have  not  been  studied,  the  effluent 
waters  will  have  to  be  characterized  to  determine  whether  or  not  they 
meet  EPA  guidelines. 
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METHODS 

Samples  were  collected  monthly  from  2  unloading  facilities  for  an  8- 
month  period  from  April  through  November.  This  period  covers  the 
peak  shrimping  season  for  the  area.  These  samples,  taken  from  thaw- 
tanks  and  from  bilge  Water  using  a  grab  technique,  were  collected  and 
preserved  according  to  EPA  recommendations  (EPA,  1974b).  Five-day 
BOD  determinations  were  made  using  the  membrane  electrode  method. 
Reported  values  are  the  averages  of  8  replications.  Total  suspended  sol¬ 
ids  were  determined  using  2.4  cm  Whatman  GF/A  glass  microfibre  fil¬ 
ters  dried  overnight  at  103-105  C.  Recorded  values  are  averages  of  5 
replications.  Oil  and  grease  levels  were  determined  using  a  semi-wet 
extraction  method.  This  method  was  chosen  instead  of  the  separatory 
funnel  method  as  an  emulsion  between  solvent  and  sample  developed 
using  the  separatory  funnel  method.  Recommended  methods  (Pomeroy 
and  Wakeman,  1941;  Taras  and  Blum,  1968)  failed  to  dissipate  the 
emulsion.  All  methods  used  were  found  in  Standard  Methods  (Ameri¬ 
can  Public  Health  Association,  1975). 

The  unloading  facilities  monitored  supplied  data  for  the  amount  (lbs 
tailweight)  of  shrimp  processed  on  the  days  samples  were  collected. 
Monthly  totals  (lbs  tailweight)  for  all  the  facilities  releasing  effluents 
into  the  harbor  were  supplied  by  the  National  Marine  Fisheries  Service 
office  in  Aransas  Pass;  monthly  totals  for  the  individual  facilities  were 
not  available.  To  conform  to  the  EPA  guidelines,  these  figures  were 
converted  to  pounds  liveweight  processed  in  calculating  the  BOD,  TSS, 
and  O  8c  G  levels.  In  compliance  with  the  1977  guidelines,  facilities 
monitored  currently  screen  the  effluents  before  releasing  them  into  the 
harbor.  Samples  for  this  study  were  collected  prior  to  screening  of  the 
effluents. 

The  data  were  analyzed  using  the  Statistical  Analysis  System  (SAS 
’76).  The  procedures  used  were  mean,  analysis  of  variance  (ANOVA), 
Duncan’s  New  Multiple  Range  Test,  and  the  correlation  (CORR) 
procedure.  For  all  the  statistical  analyses  a  5%  level  of  significance 
(p<0.05)  was  used. 

RESULTS  AND  DISCUSSION 

The  data  from  this  study  are  summarized  in  Table  2.  Based  on  the 
analysis  of  variance  and  correlation  procedures,  the  facilities  monitored 
did  not  vary  significantly  in  BODs,  TSS,  and  O  8c  G  levels.  The  follow¬ 
ing  values  represent  both  facilities.  Daily  BOD5  levels  ranged  from 
0.0003  to  0.1810  lbs  1000  lbs  liveweight  processed.  With  the  1983  daily 
maximum  of  25  lbs/1000  lbs  liveweight  processed,  the  unscreened  Conn 
Brown  effluents  are  well  within  the  1983  daily  limitations.  Daily  TSS 
levels  ranged  from  0.0010  to  0.3485  lbs/1000  lbs  liveweight  processed. 
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TABLE  2 

Data  collected  from  shrimp  offloading  facilities  surrounding  Conn  Brown  Harbor  in 
Aransas  Pass,  Texas.  The  parameters  included  are  those  found  in  the  EPA  guidelines  for 
facilities  processing  southern  non-breaded  shrimp. 


Month 

Facility 

Sample  Type 

Parameter  (lbs/ 1000  lbs  li\ 

Daily  BOD|  Daily  TSS2 

^eweight) 

Daily  O&G3 

April 

1 

Thaw-tank 

0.0357 

0.1442 

* 

2 

Thaw-tank 

0.0074 

0.0872 

* 

May 

1 

Thaw-tank 

0.0928 

0.1579 

# 

1 

Bilge 

0.0856 

0.1473 

0.0572 

2 

Thaw-tank 

0.0600 

0.0200 

0.0000 

2 

Bilge 

0.0521 

0.1282 

0.0001 

June 

2 

Thaw-tank 

0.0221 

0.0935 

0.0242 

2 

Bilge 

0.0235 

0.0216 

0.0077 

July 

1 

Thaw-tank 

0.1810 

0.0628 

0.0058 

2 

Thaw-tank 

0.0074 

0.0233 

0.0000 

2 

Bilge 

0.0078 

0.0306 

0.0147 

August 

1 

Thaw-tank 

0.0128 

0.2330 

0.0018 

2 

Thaw-tank 

0.0003 

0.0010 

0.0000 

September 

1 

Thaw-tank 

0.0144 

0.3485 

0.0095 

2 

Thaw-tank 

0.0093 

0.0054 

0.0033 

October 

1 

Thaw-tank 

0.0066 

0.0247 

0.0027 

1 

Bilge 

0.0800 

0.0425 

0.0078 

2 

Thaw-tank 

0.0028 

0.0071 

0.0006 

November 

2 

Thaw-tank 

0.0162 

0.0130 

0.0133 

'BoDs,  biochemical  oxygen  demand. 
2TSS,  total  suspended  solids. 

308cG,  oil  and  grease. 

^Sample  not  analyzed  for  this  parameter. 


With  the  1977  daily  maximum  of  114  lbs/1000  lbs  liveweight  and  the 
1983  daily  maximum  of  8.5  lbs/1000  lbs,  the  facilities  monitored  meet 
the  current  and  projected  daily  limitations.  By  collecting  the  samples 
after  screening,  the  solids  load  could  potentially  have  been  reduced  as 
much  as  88%  (Maulding  and  Szabo,  1974)  creating  a  greater  margin 
between  the  effluent  levels  and  the  guidelines.  Daily  O  &  G  levels 
ranged  from  undetectable  amounts  to  0.0572  lbs/ 1000  lbs  liveweight 
processed.  With  1977  limitations  of  36  lbs/1000  lbs  liveweight  processed 
and  1983  limitations  of  2.8  lbs/1000  lbs  liveweight  processed,  the  facili¬ 
ties  in  this  study  meet  the  daily  limitations.  Since  monthly  totals  for 
the  individual  facilities  were  not  available,  30-day  averages  cannot  be 
calculated. 

The  Conn  Brown  facilities  monitored,  handling  green-headless 
shrimp  with  a  simplified  processing  scheme,  meet  current  and  forth¬ 
coming  daily  limitations  without  the  implementation  of  DAF  and 
without  in-plant  changes.  The  arrival  of  the  shrimp  as  green-headless 
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and  the  simplified  handling  procedure  may  be  influential  in  the  facili¬ 
ties  meeting  the  limitations.  Any  changes  in  the  process  or  the  product 
will  require  re-analysis. 
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ORIENTATION  OF  GHOST  CRAB  OCYPODE  QUADRATA 
(FABRICIUS)  BURROWS  AS  AN  INDICATOR  OF 
SHORELINE  POSITION  AND  WIND  DIRECTION 


by  GARY  W.  HILL 

U.S.  Geological  Survey 
Menlo  Park,  CA  94025 

ABSTRACT 

Burrows  of  the  ghost  crab  Ocypode  quadrata  on  barrier  island  beaches  along  Texas 
and  Georgia  generally  slope  downward  away  from  the  shoreline,  an  orientation  con¬ 
trolled  by  onshore  wind  direction.  Laboratory  and  field  experiments  indicate  that  the 
crabs  burrow  preferentially  45°  to  either  side  of  the  downwind  direction  at  the  time  of 
excavation.  Mean  burrow  orientation  of  the  crab  population,  however,  is  the  same  as  the 
mean  downwind  direction  of  onshore  winds.  Knowledge  of  the  burrow  orientation  of  O. 
quadrata  and  of  the  factors  that  influence  this  orientation  can  thus  be  used  to  recognize 
and  interpret  ancient  beach  environments,  shoreline  position,  and  direction  of  dominant 
winds. 


INTRODUCTION 

Distribution  of  and  morphological  variation  in  burrows  of  the  ghost 
crab  Ocypode  quadrata  (Fabricius)  in  relation  to  zonations  in  the  beach 
environment  can  possibly  be  applied  to  the  recognition  and  interpreta¬ 
tion  of  beach  facies  in  ancient  sediments  (Hill  and  Hunter,  1973).  This 
report  describes  the  burrow  orientation  of  O.  quadrata,  evaluates  sev¬ 
eral  factors  that  may  control  this  orientation, and  relates  observed  bur¬ 
row  orientations  to  shoreline  positions.  The  natural  history,  biogenic 
sedimentary  structures,  and  fossil  record  of  O.  quadrata  are  summarized 
by  Frey  and  Mayou  (1971),  Hill  and  Hunter  (1973),  and  Radwanski 
(1977). 

This  study  was  made  along  beaches  on  the  Gulf  of  Mexico  side  of 
Padre  and  Mustang  Islands,  Texas  (Fig.  1);  a  description  of  the  study 
area  is  given  by  Hill  and  Hunter  (1973,  1976).  Results  of  the  study  by 
Frey  and  Mayou  (1971)  of  ghost  crab  burrows  on  Georgia  beaches  were 
also  analyzed  for  comparison  with  the  Texas  data. 

BURROW  ORIENTATION 

The  burrow  morphology  of  Ocypode  quadrata  may  be  described  as 
consisting  of  an  inclined  main  shaft  with  varying  numbers  of  branches; 
the  entire  structure  lies  in  a  single  vertical  plane  (Fig.  2).  On  the 
beaches  at  Loggerhead  Key,  Florida,  Cowles  (1908)  reported  that  the 
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Figure  2.  Representative  burrows  of  the  ghost  crab  ( Ocypode  quadrata )  on  a  cross  section 
of  beach,  northern  Padre  Island,  Texas  (from  Hill  and  Hunter,  1973). 
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Figure  3.  Orientation  of  Ocypode  quadrata  burrows,  defined  as  direction  of  burrow  des¬ 
cent,  on  Sapelo  Island,  Georgia.  Number  in  center  of  each  circle  indicates 
number  of  burrows  measured.  Data  plotted  in  45°  classes.  (A)  Orientation  of 
foreshore  burrows  at  station  1.  (B)  Orientation  of  foreshore  burrows  at  station 
2.  .(C)  Orientation  of  foreshore  burrows  at  station  3.  (D)  Orientation  of  fore¬ 
shore  burrows  at  all  three  stations. 


majority  of  burrows  slope  downward  away  from  the  shoreline,  with  the 
branches  extending  landward  of  the  main  shaft.  A  similar  orientation 
was  also  observed  on  Sapelo  Island,  Georgia  (Fig.  3;  Frey  and  Mayou, 
1971)  and  Padre  Island,  Texas  (Fig.  4;  Hill  and  Hunter,  1973). 

Orientation  of  ghost  crab  burrows  in  the  interdune  flats  and  fore¬ 
shore  zone  represent  major  exceptions  to  the  above  pattern.  Frey  and 
Mayou  (1971)  noted  that  burrows  in  the  dunes  are  aligned  normal  to 
individual  dune  faces,  regardless  of  the  position  of  the  shoreline;  bur¬ 
rows  in  the  foreshore  are  short  and  mainly  vertical  (Hill  and  Hunter, 
1973). 
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Figure  4.  Orientation  of  Ocypode  quadrata  burrows  on  Padre  Island,  Texas.  Number  in 
center  of  each  circle  indicates  number  of  burrows  measured.  Data  plotted  in 
30°  classes.  (A)  Orientation  of  backshore  burrows  at  station  A.  (B)  Orientation 
of  backshore  burrows  at  station  B.  (C)  Orientation  of  backshore  burrows  at  sta¬ 
tion  C.  (D)  Orientation  of  backshore  burrows  at  all  3  stations.  (E)  Orientation 
of  foredune  burrows  at  all  3  stations. 


The  mean  orientation  of  O.  quadrata  burrows  in  the  backshore  of 
beaches  on  Padre  Island  was  found  to  be  329°  (Fig.  4).  This  orientation, 
a  direction  oblique  to  the  average  shoreline  trend,  seemed  puzzling 
because  most  parameters  of  the  beach  environment  (e.g.,  surface  slope, 
water-table  slope,  grain  size,  and  chemical  properties)  probably  vary  in 
a  direction  normal  to  the  shoreline  trend.  Additionally,  the  mean  orien¬ 
tations  of  burrows  at  stations  A,  B,  and  C  (Fig.  4)  were  approximately 
the  same,  despite  some  differences  in  shoreline  trend.  This  relation 
between  burrow  orientation  and  shoreline  trend  seems  to  hold  for 
Sapelo  Island  as  well,  though  perhaps  not  as  obvious  as  on  Padre 
Island  (Fig.  4). 

FACTORS  CONTROLLING  BURROW  ORIENTATION 

Factors  that  could  give  rise  to  a  burrow  orientation  oblique  to  shore¬ 
line  trend  might  include,  for  example,  wave  approach  or  phototactic 
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responses  of  the  crabs.  The  coincidence  of  burrow  orientation  with 
dominant  wind  direction,  together  with  the  absence  of  any  systematic 
change  in  burrow  orientation  with  changing  shoreline  trend,  suggests 
that  wind  direction  influences  burrow  orientation.  In  the  study  area, 
the  dominant  wind  direction,  as  indicated  by  the  orientation  of  blow¬ 
outs  in  the  foredune  ridge,  ranged  from  azimuth  321°  to  328°. 

To  analyze  statistically  what  factors  control  burrow  orientation,  this 
investigator  hypothesized  that  each  sample  is  from  a  population  whose 
mean  is  the  composite  mean  of  all  the  samples.  A  similar  hypothesis 
was  proposed  for  both  the  Texas  and  Georgia  data  (Figs.  3  and  4)  and 
was  applied  to  each  sample  oriented  relative  to  true  north,  mean  wind 
direction,  mean  onshore  wind  direction,  shoreline  trend,  and  normal- 
to-shoreline  trend;  for  each  case,  the  composite  mean  was  oriented  in 
the  same  way  as  the  sample  mean.  Using  methods  for  the  statistical 
analysis  of  orientation  data  described  by  Stevens  (1962)  and  Jones 
(1968),  these  hypotheses  were  tested  at  a  significance  level  of  0.10  (Table 
1).  For  each  proposed  controlling  factor  except  mean  onshore  wind 
direction,  the  hypotheses  were  rejected  by  at  least  one  sample.  There¬ 
fore,  of  the  factors  tested,  mean  onshore  wind  direction  seems  most 
probable  to  control  ghost  crab  burrow  orientation  on  Texas  and  Geor¬ 
gia  beaches.  Without  laboratory  or  field  experiments  designed  specifi¬ 
cally  to  test  the  relation  between  dominant  wind  direction  and  burrow 
orientation,  however,  the  possibility  cannot  be  excluded  that  some  fac¬ 
tors)  not  statistically  tested  above  may  be  involved. 

A  simple  method  was  devised  to  test  the  relation  of  wind  direction  to 
burrow  orientation  in  the  laboratory.  A  box,  1  m  on  a  side,  was  filled 
with  sand  from  station  B  (Fig.  1)  and  placed  in  a  windowless  room 
with  overhead  lighting.  An  adult  crab,  placed  in  the  center  of  the  box 
inside  a  0.5-m2  area  enclosed  by  wire  mesh  fence,  was  left  alone  to  dig  a 
burrow  under  “windy”  conditions  (provided  by  a  fan  blowing  wind  at 
3  m/s).  Burrow  orientation  was  measured  later  using  the  methods  des¬ 
cribed  by  both  Frey  and  Mayou  (1971)  and  Hill  and  Hunter  (1973).  The 
crab  was  then  excavated  from  the  burrow,  and  using  the  same  crab,  the 
experiment  was  rerun  under  “calm”  conditions.  For  different  crabs,  the 
wind  direction  was  changed  by  simply  moving  the  fan  to  a  new  posi¬ 
tion  relative  to  the  sand  surface.  In  all,  25  adult  crabs  were  tested. 

Results  of  the  above  experiment  (Fig.  5)  confirm  field  observations 
(Fig.  4)  and  statistical  analyses  (Table  1)  that  wind  direction  controls 
burrow  orientation.  Under  calm  conditions,  burrow  orientation  is 
essentially  random,  whereas  under  windy  conditions,  the  mean  burrow 
orientation  is  inclined  downward  in  the  downwind  direction.  Orienta¬ 
tion  of  each  burrow  is  approximately  45°  right  or  left  of  the  downwind 
direction.  Whether  the  burrow  is  oriented  to  the  right  or  left  appears  to 
depend  on  whether  the  larger  claw  of  the  crab  occurs  on  its  right  or  left 


TABLE  1 

Statistical  analysis  of  burrow  orientation  data. 
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north-pointing  shoreline  trend  was  defined  as  0° 

vector  strength  (R/N)  is  a  measure  of  the  concentration  of  individual  observations  around  the  mean. 

Ls  defined  by  the  equations  of  Stevens  (1968) .  The  hypothesis  that  the  sample  is  from  a  population  whose  mean  is  a  given  value  is  rejected 
*  >  Rq.  The  given  mean  value  for  each  test  is  the  composite  mean  of  all  three  samples. 
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Figure  5.  Orientation  of  Ocypode  quadrata  burrows  under  laboratory  conditions. 

Number  in  center  of  each  circle  indicates  number  of  burrows  measured.  Data 
plotted  in  30°  classes.  (A)  Orientation  of  burrows  under  “calm”  (i.e.,  no  wind) 
conditions.  (B)  Orientation  of  burrows  under  “windy”  conditions. 

side.  Observations  and  counts  in  the  field  indicate  that  “right-handed” 
crabs  are  equally  as  abundant  as  “left-handed”  crabs. 

SIMULATED  DISTRIBUTION  OF  BURROW  ORIENTATION 

To  create  a  model  of  the  relation  between  burrow  orientation  and 
wind  direction,  the  orientation  data  obtained  from  laboratory  experi¬ 
ments  (Fig.  5B)  were  plotted  as  a  semicircular,  normally  distributed 
variable  (Fig.  6A).  This  plot  was  then  combined  with  its  mirror  image 
to  derive  a  circular  normal  distribution  (Fig.  6B).  This  “smoothed-out” 
plot  of  the  orientation  data  was  used  as  a  statistical  model  in  the  fol¬ 
lowing  exercises. 

Burrow  orientation  for  a  given  area  can  be  tested  or  predicted  by 
appropriately  applying  wind  data  from  the  area  to  the  model.  The 
method  is  simple;  using  circular  graph  paper,  plot  wind  direction  in 
10°  classes  for  the  study  area  as  determined  by  actual  measurements 
during  field  tests  or  from  data  sources  such  as  the  Environmental  Data 
Service  of  the  Environmental  Science  Services  Administration,  U.S. 
Department  of  Commerce.  Convert  the  number  of  observations  within 
each  class  to  a  percentage  of  the  total  number  of  measurements.  Over¬ 
lay  the  burrow-orientation  model  on  the  wind  rose  (the  scale  for  both 
plots  should  be  the  same),  letting  both  the  north  direction  for  wind 
data  and  the  downwind  direction  in  the  model  equal  zero  degrees;  mul¬ 
tiply  together  the  percentages  in  overlapping  classes  of  wind  data  and 
burrow  orientation  data.  Keeping  the  wind  rose  in  a  fixed  position, 
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Figure  6.  Orientation  of  Ocypode  quadrata  burrows  under  “windy”  laboratory  condi¬ 
tions.  Data  plotted  in  30°  classes.  (A)  Orientation  data  plotted  as  a  semicircu¬ 
lar,  normally  distributed  variable.  (B)  Burrow  orientation  model. 


rotate  the  model  10°  and  again  multiply  together  percentages  in  over¬ 
lapping  10°  classes,  adding  the  product  to  what  is  now  a  running  total 
for  each  10°  class  in  the  wind  rose.  This  process  is  continued  until  the 
model  returns  to  its  starting  position.  By  summing  running  totals  for 
the  36  classes,  the  percentage  of  the  overall  total  represented  by  each  10° 
class  can  be  determined.  A  statistically  generated  burrow  orientation 
can  now  be  defined  by  plotting  each  class  percentage  on  a  rose  dia¬ 
gram. 

By  combining  appropriate  wind  data  supplied  by  the  Environmental 
Data  Service  (National  Oceanic  and  Atmospheric  Administration,  1969, 
1971)  with  the  burrow  orientation  model  (Fig.  6B),  plots  of  generated 
burrow  orientation  were  constructed  for  the  periods  during  which  Frey 
and  Mayou  (1971)  and  Hill  and  Hunter  (1973)  conducted  their  field 
research  (Fig.  7).  The  generated  burrow  orientations  for  both  Sapelo 
Island  and  Padre  Island  are  very  similar  to  the  corresponding  compo¬ 
sites  of  burrow  orientation  as  actually  measured  in  the  field  (Fig.  4). 
The  correlation  of  burrow  orientation  with  wind  direction  as  deter¬ 
mined  in  the  laboratory  experiments,  as  well  as  the  similarity  between 
simulated  burrow  orientation  and  field-measured  burrow  orientation, 
further  supports  the  hypothesis  that  dominant  wind  direction  controls 
ghost  crab  burrow  orientation. 

As  a  final  test  of  the  hypotheses,  both  the  wind  direction  and  the 
orientation  of  120  burrows  were  measured  in  the  field  on  two  days  at 
station  B  on  Padre  Island,  Texas  (Fig.  2).  Tests  were  conducted  during 
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Figure  7.  Simulated  distributions  of  orientation  of  Ocypode  quadrata  burrows  defined  as 
direction  of  burrow  descent.  Data  plotted  in  45°  classes.  (A)  Simulated  distribu¬ 
tion  of  orientations  derived  from  burrow  orientation  model  and  appropriate 
Texas  wind  data  (period:  December  1971;  onshore  wind  directions:  15°-195°). 
(B)  Simulated  distribution  of  orientations  derived  from  burrow  orientation 
model  and  appropriate  Georgia  wind  data  (period:  June-August  1969;  onshore 
wind  directions:  25°-205°). 


the  morning  hours,  when  burrowing  activity  is  highest,  and  only  the 
orientations  of  burrows  dug  during  monitored  wind  conditions  were 
measured.  The  results  of  these  tests  (Fig.  8)  show  that  the  mean  wind 
direction  and  mean  burrow  orientation  are  almost  identical.  Wind 
direction  was  onshore  during  both  tests.  However,  although  wind 
direction  and  speed  were  relatively  constant  on  November  19,  1974,  they 
were  much  more  variable  on  May  2,  1973.  The  plot  of  burrow  orienta¬ 
tions  for  November  19,  1974  (Fig.  8A)  is  very  similar  to  the  model  of 
burrow  orientation  from  laboratory  experiments  (Fig.  6B),  presumably 
because  both  sets  of  orientations  were  measured  during  periods  when 
wind  direction  was  relatively  constant. 

OTHER  FACTORS  AFFECTING  BURROW  ORIENTATION 

Other  factors  that  may  influence  burrow  orientation  of  the  ghost  crab 
include  temperature  and  local  landforms.  When  air  temperature  drops 
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Figure  8.  Orientation  of  Ocypode  quadrata  burrows  at  site  B,  Padre  Island,  Texas. 


Number  in  center  of  each  circle  indicates  number  of  burrows  measured.  Data 
plotted  in  22.5°  classes.  (A)  Orientation  of  backshore  burrows  dug  on 
November  19,  1974.  (B)  Orientation  of  backshore  burrows  dug  on  May  2,  1973. 


below  15.5  C,  ghost  crabs  generally  stay  in  their  burrows,  and  their 
activity  is  greatly  reduced  (Williams,  1956).  Thus  crabs  hibernate  longer 
toward  the  poleward  limits  of  their  distribution  range.  On  Padre  Island 
and  Sapelo  Island,  winter  winds  that  lower  the  temperature  below  15.5 
C  are  generally  offshore  and  so  have  little  effect  on  burrow  orientation. 

Local  landforms  also  affect  burrow  orientation.  Where  foredune 
ridges  exist,  wind  shadows  on  the  lee  side  during  periods  of  offshore 
winds  greatly  reduce  the  effect  these  winds  may  have  on  burrow  orien¬ 
tation.  Foredune  ridges  are  common  on  Sapelo  and  Padre  Islands. 

The  effects  of  temperature  and  local  landforms  on  burrow  orienta¬ 
tion  are  reflected  in  the  statistical  analysis  of  the  orientation  data 
(Table  1).  The  hypothesis  that  orientation  is  controlled  by  mean  wind 
velocity  was  statistically  rejected.  Warmer  temperatures  and  fewer  sig¬ 
nificant  local  landforms  causing  wind  shadows  are  generally  associated 
with  onshore  winds  in  the  study  area)  consequently,  the  hypothesis  that 
burrow  orientation  and  mean  onshore  wind  direction  are  related  was 
not  statistically  rejected. 

The  possibility  that  still  other  factors  influence  the  orientation  of 
ghost  crab  burrows  cannot  be  ruled  out  by  these  observations,  tests,  and 
experiments.  For  example,  Frey  and  Mayou  (1971)  noted  the  possible 
effects  of  beach  slope  and  width  on  burrow  orientation,  effects  that  may 
be  related  back  to  the  influence  of  wind.  A  relatively  high  berm  ridge 
that  exists  during  most  of  the  year  on  Padre  Island  at  station  C  (Fig.  1) 
may  serve  as  an  example  of  this  influence.  Here,  part  of  the  backshore 
may  be  in  a  wind  shadow  at  times,  or  the  wind  may  be  funneled  paral¬ 
lel  to  the  shoreline.  The  plot  of  burrow  orientations  at  station  C  (Fig. 


OCYPODE  QUADRATA  (FABRICIUS) 


33 


4C)  possibly  reflects  the  influence  of  this  beach  morphology  on  wind 
reaching  the  backshore. 

CONCLUSION 

Burrow  orientation  of  Ocypode  quadrata  is  controlled  largely  by  the 
prevailing  winds.  Individual  burrows  are  excavated  45°  to  either  side  of 
the  downwind  direction;  burrowing  to  right  or  left  apparently  depends 
on  which  side  of  the  crab  has  the  larger  claw.  Mean  burrow  orientation 
reflects  the  mean  of  prevailing  winds  reaching  the  beach  surface.  On 
Padre  Island,  Texas,  onshore  winds  are  the  most  important  in  control¬ 
ling  burrow  orientation.  As  a  consequence,  burrows  on  these  beaches 
generally  slope  downward  away  from  the  shoreline,  with  branches 
extending  landward  of  the  main  trunk.  If  this  relation  is  applied  to 
ancient  environments,  ghost  crab  burrow  orientations  would  be  useful 
indicators  of  shoreline  position  and  wind  direction.  Other  factors 
which  may  influence  burrowing  activity,  and  therefore  burrow  orienta¬ 
tion,  of  ghost  crabs  include  air  temperature  and  beach  morphology. 
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ABSTRACT 

An  introduction  to  the  theory  of  nonhomogeneous  turbulence  is  presented.  The  focus 
of  the  presentation  is  twofold:  First,  the  theory  of  tensor  invariants  is  used  to  directly 
determine  the  functional  form  of  the  second-order  two-point  velocity  correlation  tensor 
for  a  simple  type  of  nonhomogeneous  turbulence  and  second,  the  concept  of  a  spectral 
tensor  is  generalized  to  describe  the  “power-spectrum’’  of  nonhomogeneous  turbulence. 
In  the  part  on  the  application  of  invariant  theory  it  is  shown  that  the  correlation  tensor 
can  be  ultimately  expressed  in  terms  of  two  independent  arbitrary  functions;  the  physical 
significance  of  these  functions  is  examined.  In  the  part  on  the  generalization  of  the  spec¬ 
tral  tensor  concept  the  formal  condition  for  the  existence  of  the  tensor  is  set  forth,  the 
physical  and  functional  characteristics  of  the  tensor  examined,  and  the  mathematical  con¬ 
struction  of  the  tensor  is  progressively  developed  to  apply  to  the  most  general  case  of 
nonhomogeneous  turbulence. 

INTRODUCTION 

Nonhomogeneous  turbulence  is  characterized  as  turbulence  whose 
statistics,  e.g.  the  turbulence  intensity  and  the  turbulence  scale(s)3,  are 
functions  of  spatial  position,  i.e.  they  are  not  constant  from  point  to 
point  in  space  as  they  are  in  the  case  of  homogeneous  turbulence.  This 
characteristic  of  nonhomogeneous  turbulence  is  perhaps  best  exempli¬ 
fied  by  expressing  the  second-order  two-point  velocity  correlation  ten¬ 
sor  of  the  turbulence,  Qy(xi,X2)  =  <Ui(xi)uj(x2)>  where  Ui(xi)4,  i  =  1,2,3, 
is  the  turbulence  velocity  of  zero  mean  value  at  the  three-dimensional 
space  point  xi  [and  correspondingly  similar  for  uj(x2)],  as  the  tensor 
Cij(x,r)  =  <Ui(x  -  r/2)uj(x  +  r/2)>,  where  x  is  the  position  vector  (xi  + 
x2)/2  and  r  is  the  separation  vector  X2  -  xi.  In  this  latter  form  the  spa¬ 
tial  variations  in  the  functional  structure  of  the  correlation  tensor,  vari¬ 
ations  which  may  occur  due  to  the  presence  of  spatial  variations  in  the 
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turbulence  intensity  and/or  the  turbulence  scale(s),  are  explicitly 
denoted  through  the  functional  dependence  of  Qj(')  on  the  position  vec¬ 
tor  x;  this  functional  dependence  is  in  direct  contrast  to  the  homogene¬ 
ous  case  where  the  intensity  and  the  scale(s)  are  spatially  constant  and 
the  correlation  tensor  is  therefore  independent  of  x  and  dependent 
solely  on  r.  An  interesting  and  indeed  unique  feature  of  nonhomogene- 
ous  turbulence  is  that  there  always  exists,  even  in  the  simplest  of  cases, 
at  least  one  “preferred”  spatial  direction  to  the  turbulence,  and  there¬ 
fore  that  the  turbulence  is  always  anisotropic.  Moreso,  since  the  most 
general  nonhomogeneous  turbulence  must  exhibit,  at  least  in  part,  all 
of  the  features  (both  kinematical  and  kinetical)  of  homogeneous  turbu¬ 
lence,  there  are  necessarily  two  types  of  anisotropic  behavior  which  are 
peculiar  to  nonhomogeneous  turbulence — the  anisotropy  associated 
with  the  “homogeneous”  part  of  the  turbulence,  i.e.  that  part  of  the 
total  turbulence  whose  statistics  are  spatially  constant,  and  the  aniso¬ 
tropy  associated  with  the  “inhomogeneous”  part  of  the  turbulence,  i.e. 
that  part  of  the  total  turbulence  whose  statistics  are  strictly  spatially 
varying.  To  be  sure,  nonhomogeneous  turbulence  can  be  considered  as 
the  sum 

nonhomogeneous  homogeneous  homogeneous  inhomogeneous 

turbulence  =  isotropic  +  anisotropic  +  anisotropic 
part  part  part 

It  is  perhaps  this  double  anisotropic  nature,  coupled  with  the  spa¬ 
tially  varying  statistics  characteristic,  that  has  made  the  development  of 
an  analytical  theory  for  nonhomogeneous  turbulence,  a  theory  analo¬ 
gous  and  comparable  to  that  for  the  homogeneous  case,  a  somewhat 
complex  endeavor.  The  reasons  for  this  state  of  affairs  are  not  alto¬ 
gether  clear  although  it  appears  that  the  mathematical  complexities 
presented  by  these  two  features,  complexities  which  are  extreme  but 
surely  not  insurmountable,  are  not  the  primary  cause;  rather  it  is  the 
fact  that  once  the  restriction  of  homogeneity  is  relaxed  the  degree  of 
arbitrariness  which  is  introduced  into  the  analysis  of  the  turbulence, 
again  even  for  the  simplest  of  cases  in  nonhomogeneous  turbulence,  is, 
as  will  be  shown  later,  double  what  it  is  for  the  simplest  case  of  homo¬ 
geneous  turbulence,  a  situation  which  greatly  decreases  the  level  of 
understanding  of  the  physical  phenomenon  of  nonhomogeneous  turbu¬ 
lence  itself. 

In  view  of  the  foregoing  it  can  be  safely  said  that  the  concept  of  a 
nonhomogeneous  turbulence,  although  not  a  “new”  concept  (indeed, 
the  nonhomogeneity  of  most  turbulence  of  practical  interest  is  alluded 
to  and/or  generally  discussed  in  most  books  on  the  overall  subject  of 
turbulence),  is  indeed  a  negative  one — it  means  very  simply  that  the 
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turbulence  is  not  statistically  homogeneous.  And  since  the  purely  theo¬ 
retical  aspects  of  the  fundamental  structure  of  such  turbulence  have,  to 
the  knowledge  of  the  author,  been  neither  mathematically  analyzed  nor 
developed,  it  is  therefore  natural,  in  the  study  of  such  turbulence,  to 
initially  search  not  only  for  those  statistical  parameters  of  the  turbu¬ 
lence  which  are  clear  generalizations  of  the  corresponding  parameters 
which  pertain  to  the  homogeneous  case  but  also  those  which  are 
obviously  simple  extensions;  against  such  a  background  will  be  pre¬ 
sented  the  scheme  of  the  introductory  theory  of  nonhomogeneous  tur¬ 
bulence. 

In  the  sequel  an  introduction  to  the  analytical  theory  of  nonhomo¬ 
geneous  turbulence  is  presented.  The  focus  of  the  presentation  is  two¬ 
fold.  First,  the  theory  of  tensor  invariants  will  be  employed  to  derive  an 
expression  for  the  correlation  tensor  Qj(x,r)  in  the  case  of  nonhomo¬ 
geneous  turbulence  with  one  preferred  spatial  direction  only,  viz.  tur¬ 
bulence  whose  “homogeneous”  anisotropic  behavior  and  whose 
“inhomogeneous”  anisotropic  behavior  are  in  the  same  spatial  direc¬ 
tion,  turbulence  which  is  herein  referred  to  as  “simple  nonhomogene¬ 
ous  turbulence.”  The  justification  for  studying  such  a  simplified  ver¬ 
sion  of  nonhomogeneous  turbulence  is  that  said  turbulence  exhibits  all 
of  the  necessary  characteristics  of  the  underlying  “homogeneous”  flow 
while  simultaneously  retaining  enough  of  the  “inhomogeneous” 
behavior  to  warrant  consideration  as  a  truly  nonhomogeneous  turbu¬ 
lence,  i.e.  there  is  no  loss  of  generality  incurred  in  considering  only 
simple  nonhomogeneous  turbulence  since  no  dubious  assumptions  or 
simplifying  approximations  are  made  about  the  nature  of  the  turbulent 
flow  field  itself.  It  should  be  kept  in  mind  that  the  notion  of  a  “simple 
nonhomogeneous  turbulence”  does  not  imply  that  x  and  r  are  in  the 
same  direction  but  only  that  x  and  /j  are.  Clearly  the  need  for  such  an 
analysis  is  foremost  in  the  studies  of  atmospheric  turbulence  since 
atmospheric  turbulence,  because  of  the  effects  of  gravity,  is  necessarily 
nonhomogeneous  in  the  vertical  dimension.  Indeed,  a  cursory  examina¬ 
tion  of  the  literature  in  this  field  reveals  that  there  currently  exist  sev¬ 
eral  versions  of  the  correlation  tensor  for  homogeneous  isotropic  turbu¬ 
lence  depending  on  whether  the  intensity  of  the  turbulence  is  light  to 
moderate  to  extreme,  whether  the  scale  of  the  turbulence  is  “large”  or 
“small”,  or  whether  the  turbulence  is  located  in  low,  medium,  or  high 
altitude.  The  herein  derived  expression  for  Qj(x,r)  will  be  able  to 
account  for  all  combinations  of  the  above  turbulence  conditions  in  a 
clear,  systematic,  and  unified  fashion.  The  constraints  imposed  on  the 
functional  form  of  Cy(x,r)  due  to  any  symmetry  considerations  together 
with  the  constraints  imposed  by  the  condition  of  continuity  will  be 
deduced,  and  it  will  be  shown  that  the  complete  specification  of  Qj(x,r) 
rests  upon  the  specification  of  at  most  two  independently  arbitrary 
functions  of  both  x  and  r. 
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Second,  the  concept  of  a  “generalized  spectral  tensor”  for  nonhomo- 
geneous  turbulence  will  be  developed  and  examined,  and  a  physical 
interpretation  to  the  tensor  attached.  The  concept  will  be  developed 
within  the  constraint  that  the  generalized  spectral  tensor  and  the  corre¬ 
lation  tensor  are  related  to  each  other  by  the  process  of  Fourier  trans¬ 
formation.  The  formal  condition(s)  which  assures  the  existence  of  a 
generalized  spectral  tensor  will  be  set  forth  and  the  general  statistical 
properties  of  the  tensor  analyzed.  It  will  be  shown  that  the  functional 
structure  of  the  spectral  tensor  can  be  established  in  the  general  case  by 
combining  two  different  “spectral”  formulations  of  the  turbulence 
velocity  field.  The  functional  characteristics  of  the  spectral  tensor  will 
be  determined  by  first  employing  the  theory  of  Hermitian  tensors  to 
ascertain  the  presence  of  any  symmetry  properties,  and  having  done  so, 
to  show  that  the  spectral  tensor  can,  under  appropriate  mathematical 
conditions,  be  diagonalized.  The  continuity  condition  will  again  be 
invoked  to  conclude  that  the  complete  specification  of  the  spectral  ten¬ 
sor  also  depends,  as  it  should,  upon  the  specification  of  at  most  two 
independently  arbitrary  functions.  The  general  functional  form  of  the 
tensor  will  then  be  constructed  for  each  of  particular  kinds  of  nonhomo- 
geneous  behavior,  viz.  nonhomogeneities  in  the  turbulence  intensity 
and/or  the  integral  scale. 

THE  INVARIANT  THEORY  OE 

NONHOMOGENEOUS  TURBULENCE 

Historical  Background 

The  application  of  the  theory  of  invariants  to  the  direct  determina¬ 
tion  of  the  functional  form  of  the  correlation  tensors,  particularly  the 
second-order  two-point  velocity  correlation  tensor,  encountered  in  the 
theory  of  homogeneous  isotropic  turbulence  was  introduced  in  a  paper 
of  fundamental  importance  by  Robertson  (1940).  The  theory  of  invar¬ 
iants  was  later  extended  (Batchelor  1945;  Chandrasekhar  1950)  to  apply 
to  the  theory  of  homogeneous  axisymmetric  turbulence,  although  the 
seed  for  such  an  extension  was  cleverly  planted  by  Robertson  in  the 
discussion  at  the  end  of  his  paper,  and  Batchelor  (1967)  gives  a  thor¬ 
ough  account  of  how  invariant  theory  may  be  further  extended  to  the 
determination  of  the  functional  form  of  the  correlation  tensors  for  even 
the  most  general  type  of  homogeneous  turbulence,  i.e.,  homogeneous 
turbulence  with  “minimum”  symmetry  conditions.  And  while  the  theo¬ 
rems  of  the  theory  of  invariants  are  not  restricted  in  their  applicability 
to  a  space  of  any  particular  number  of  dimensions,  viz.  a  3-dimensional 
space  defined  by  r  =  (rx,ry,rz)  in  the  case  of  homogeneous  turbulence  or 
a  space  of  necessarily  more  dimensions  which  occurs  in  the  case  of 
nonhomogeneous  turbulence,  invariant  theory  was  never  extended  to 
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apply,  even  in  the  most  “marginal”  of  circumstances,  to  the  kinemati- 
cal  description  of  nonhomogeneous  turbulence. 

The  first  attempts,  it  appears,  not  to  extend  but  rather  to  adapt  the 
theory  of  invariants,  or  more  specifically  the  theory  of  homogeneous 
isotropic  turbulence,  to  the  kinematical  description  of  at  least  part  of 
nonhomogeneous  turbulence  are  those  of  the  author  (Trevino  1979, 
1980,  and  1981).  These  adaptations  were  effected,  in  a  utilitarian  sense, 
for  some  relatively  simple  cases  of  turbulence  by  decomposing  the  ten¬ 
sor  Cij(x,r)  into  the  form 

Cij(x,r)  =  Gj(1)(r)  +  Cij(2)(x,r),  (1) 

where  Gj(1)(r)  is  the  correlation  tensor  for  the  “homogeneous”  part  of 
the  turbulence,  while  Gj(2)(x,r)  is  the  correlation  tensor  for  the  “inhom¬ 
ogeneous”  part  of  the  turbulence.  The  functional  form  of  Gj(1)(r)  was 
then  restricted  to  be  that  for  isotropic  turbulence,  the  motivation  for 
which  is  the  fact  that  nonhomogeneous  turbulence  being  nonisotropic 
it  therefore  seems  “natural”  to  let  Gj(2)(x,r)  carry  not  only  the  effects  on 
Gj(x,r)  of  spatial  changes  in  the  statistics  of  the  turbulence  but  also 
carry  the  effects  of  the  anisotropy  as  well5;  the  tensor  Gj(1)(r)  which  sub¬ 
sequently  becomes  Gj(1)(lrl)>  I  I  denoting  absolute  value,  then  plays  the 
role  for  a  “constant”  tensor,  constant  in  functional  form  with  respect  to 
both  spatial  direction  and  spatial  translation,  describing  only  the  hom¬ 
ogeneous  isotropic  part  of  nonhomogeneous  turbulence  while  Gj(2)(x,r) 
plays  the  role  of  a  space-varying  tensor  describing  only  the  inhomo¬ 
geneous  anisotropic  part  of  the  turbulence. 

Invariant  Theory  and  Gj(x,r) 

The  correlation  tensor  for  simple  nonhomogeneous  turbulence 
depends  upon  the  position  vector  x,  which  without  loss  of  generality 
can  be  assumed  to  have  components  x  =  (0,0, z),  upon  the  separation 
vector  r  =  (rx,ry,rz),  and  also  singles  out,  for  this  particular  case,  the  ver¬ 
tical  direction  as  the  preferred  direction  of  the  turbulence;  such  a  com¬ 
bination  of  functional  dependencies  will  always  be  the  case  for  non¬ 
homogeneous  turbulence.  Denoting  the  preferred  direction  of  the 
turbulence  by  the  unit  vector  fj  =  (0,0,1)  the  application  of  the  theory 
of  invariants  to  the  kinematical  description  of  simple  nonhomogeneous 
turbulence  begins  with  the  realization  that  the  functional  form  of  the 
correlation  tensor  for  such  turbulence  is  invariant  with  respect  to  arbi¬ 
trary  translations  in  any  plane  which  is  perpendicular  to  /j,  arbitrary 
“rigid-body”  rotations  about  p,  and  reflection  in  any  plane  that  con- 


5The  “physical”  characteristic  of  the  turbulence  which  is  necessary  for  this  representation 
to  be  valid  is  that  the  homogeneous  anisotropic  part  of  the  turbulence  be  negligible. 
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tains  /j,  of  the  vector  configuration  defined  by  x  and  r.  Forming  the 
associated  invariant  C(x,r,/y,a,b)  =  Qj(x,r)aibj,  where  a  and  b  are  arbi¬ 
trary  unit  vectors,  the  group  of  fundamental  invariants  which  are 
invariant  with  respect  to  the  above  symmetry  conditions  and  which  are 
also  available  for  the  construction  of  C(-)  is 

G  {/rx,  n't,  rr,  pr a,  pr b,  xa,  x  b,  ra,  rb,  ab,  /r(a  X  b), 

r(a  X  b),  x*(a  Xb)}.  (2a) 

Note  the  absence  in  G  of  invariants  such  as  xx,  x*r,  and  x-(/z  X  r); 
such  invariants  are  absent  because  xx  and  x-r  are  not  independent 
invariants,  being  derivable  from  the  invariants  /rx  and  /rr,  while  x-(/i  X 
r)=0  since  x  and  p  are  parallel  vectors.  Note  also  the  presence  in  G  of 
invariants  which  are  constructed  from  /j  and  those  that  are  constructed 
from  x;  the  ones  that  are  constructed  from  /j  are  those  that  are  relevant 
to  the  homogeneous  anisotropic  part  of  the  turbulence  while  those  that 
are  constructed  from  x  are  those  that  are  relevant  to  the  inhomogeneous 
anisotropic  part  of  the  turbulence.  Introducing  the  so-called  “Einstein 
summation  convention”  the  group  G  can  be  re-written  as 

G  {/xnxn,  /irTn,  rnrn,  fj-n&n,  /-tnbn,  xnan,  xnbn,  rnan,  rnbn,  anbn, 

Clmn/Uambn,  ^lmnriambn,  ClmnXiambn),  (2b) 

where  l,m,n  =  1,2,3,  and  eimn  is  the  alternating  tensor,  and  the  result¬ 
ing  expression  for  C  is  then 


C(x,r,//,a,b)  =  Ai(/tiai)()Ujbj)  +  A2(jUiai)(xJbj)  +  A3(xiai)(gjbj)  + 

A4(jUiai)(ijbj)  +  A5(riai)(/ijbj)  +  A6(xia1)(rjbj)  + 

A7(riai)(xJbj)  +  A8(xiai)(xjbj)  +  A9(riai)(rjbj)  + 

AioSijaibj  +  eijk[Anaibjrk  +  Ai2aibjXk  + 

Anaibjgk]  (3) 

where  the  Ai,A2,.  .  .  ,Ai3  are  arbitrary  functions  of  at  most  the  invariants 
giXi  =  z,  mn  =  rz,  and  rji  =  r2  and  the  fact  that  C  is  bilinear  in  aibj  has 
been  fully  exploited.  Equation  (3)  consequently  yields  the  expression 
for  Cij(x,r), 

Cij(x,r)  =  Aigigj  +  A2/iiXj  +  A3Xi/ij  A  Ar/iTj  +  Asn/ij  +  A6Xiij  + 

AyrjXj  +  AsXiXj  +  AQnrj  +  Aio&j  +  eijk[Ai  irk  +  Ai2xk  + 

Ai3/Xk], 


(4) 
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where  <5y  is  the  Kronecher  tensor. 

The  presence  of  13  arbitrary  functions  in  the  expression  for  Qj(x,r)  is, 
at  first  sight,  rather  disheartening;  fortunately  not  all  of  these  functions 
are  independent.  Recalling  the  definition  of  Gj(*)»  it  follows  that  this 
tensor  is  not  symmetric  in  the  subscripts  “i”  and  “j”,  a  feature  which  is 
in  direct  contrast  to  the  homogeneous  case  where  “ij”  symmetry  does 
exist;  nevertheless,  it  is  possible  to  uniquely  decompose  Qj  into  the  sum 

Q  =  Sij'"  +  Si/2’,  (5) 

where 

Si/1'  =  _L  (Q  +  GO  (6) 

2 


is  symmetric  in  i  and  j,  and 

Si/2'  =  J_  (Gj  -  GO  (7) 

2 

is  skew-symmetric  in  i  and  j.  This  decomposition  demands  that  the 
functions  A2  and  A3  be  related,  that  A4  and  A5  be  related,  and  that  A6 
and  A7  be  related,  the  exact  nature  of  the  relationships  depending  upon 
whether  it  is  desired  for  these  functions  to  be  part  of  the  symmetric,  or 
the  skew-symmetric,  portion  of  Gj.  If  they  are  part  of  the  symmetric 
portion  then 

A2  —  A3  —  Bi,  A4  —  A5  =  B2,  A6  —  A?  =  B3; 

if  they  are  part  of  the  skew-symmetric  portion  then 

A2  =  A3  —  B4,  A4  =  A5  =  B5,  A6  =  A7  —  B6- 

Obviously  there  may  also  exist  the  circumstance  where  A2  and  A3 
would  be  part  of  the  symmetric  portion  while  A4,  A5,  A6,  and  A7  would 
be  part  of  the  skew-symmetric  portion,  etc.  These  relationships,  what¬ 
ever  they  are,  clearly  reduce  the  number  of  arbitrary  functions  to  ten. 

In  addition  to  the  foregoing  restrictions  the  continuity  conditions 
(Trevino  1979), 

_L  dGj  —  ac,j  _  Q  ancj  9Gj  4-  dCij  — 

2  dxi  drx  2  dxj  0rj 
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must  also  be  satisfied.  These  expressions  for  the  condition  of  continuity 
require  partial  derivatives  of  the  form 

9  An  _  9 An  9  An  —  9 An  _j_  9 An  2^  N  =  1  2  13 

3xi  3(/xkXk)  3rj  9(/xkrk)  9(rkrk) 
and  similarly  for  partial  differentiation  with  respect  to  Xj  and  ij,  where 
(recall)  ^Xk  =  z,  gkrk  —  rz,  and  tkTk  =  r2.  Introducing  the  partial  differ¬ 
ential  operators 

D,  =  A  A ,  d2  =  A  A  -  A  ,  d3  =  A  A  +  A 

r  3r  2  3z  3rz  2  3z  3rz 

Ti  =  D2  —  rzDi  ,  T2  =  ZD2  —  zrzDi  +  2  ,  T3  =  rzD2  —  r2Di  —  4, 

T4  =  D3  +  rzDi  ,  T5  =  zD3  +  zrzDi  +  2  ,  T6  =  rzD3  +  r2Di  +  4, 


and  assuming  that  A2,...A?  are  part  of  the  symmetric  portion  of  Gj, 
the  continuity  conditions  express  as 

rJ{[[l]]}  +  MJ{[[2]]}  +  xJ{[[3]]}  +  {[[4]]}  =  0, 

and 

ri{[[5]]}  +  iMlim  +  xi{[[7]]}  +  {[[8]]}  =  0 

where,  because  of  the  mutual  independence  of  r,  fi,  and  x, 

[[1]]  =  T1B2  +  T2B3  +  T3A9  -  D1A10  |  0, 

[[2]]  =  Ti  Ai  +  T2B1  +  T3B2  +  D2A10  =  0, 

[[3]]  =  TiB, +  T2A8  +  T3B3  =  0, 

[[4]]  =  D2A11  +  Di(zAi2  +  Ai3)  =  0, 

[[5]]  -  T4B2  +  T5B3  +  T6A9  +  D1A10  =  0, 

[[6]]  =  T4A1  +  T5B1  +  T6B2  +  D3Aio  =  0, 

[[7]]  =  T4B1  +  T5As  +  T6B3  =  0, 

[[8]]  =  D3An  —  Di(zAi2  +  Ai3)  =  0, 


are  8  independent  partial  differential  equations  in  z,  rz,  and  r  which 
must  be  identically  satisfied  in  order  to  satisfy  continuity.  These  con¬ 
straining  equations  between  the  resulting  10  arbitrary  functions  reduce 
the  number  of  independent  arbitrary  functions  necessary  to  completely 
specify  Gj(-)  to  two,  these  remaining  two  being  functions  of  at  most  the 
variables  z,  rz,  and  12. 
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The  fundamental  result  that  the  correlation  tensor  for  nonhomo- 
geneous  turbulence  can  be  completely  expressed  in  terms  of  at  most 
two  independently  arbitrary  functions  of  /rx,  pm r,  and  rr  is  totally  new 
and  its  analytical  implications  cannot  be  overemphasized.  The  indeed 
surprising  aspect  of  it  is  due  to  the  fact  that  it  is  well-known  (Kampe 
de  Feriet,  1948)  that  the  correlation  tensor  for  homogeneous  anisotropic 
turbulence  can  also  be  expressed  in  terms  of  two  independently  arbi¬ 
trary  functions  so  that  it  appears  that  the  inclusion  of  an  inhomogene¬ 
ous  anisotropic  behavior  to  the  turbulence  does  not  necessitate  the 
inclusion  of  yet  a  third  independently  arbitrary  function,  as  would  be 
naturally  expected  from  purely  “structural”  arguments,  i.e.  homogene¬ 
ous  isotropic  turbulence  ~  1  arbitrary  function,  homogeneous  aniso¬ 
tropic  turbulence  ~  2  arbitrary  functions,  nonhomogeneous  turbulence 
~  3  (??)  arbitrary  functions.  Of  course,  it  could  be  argued  that,  since 
only  simple  nonhomogeneous  turbulence  was  analyzed,  this  particular 
result  might  be  due  to  the  fact  that  the  homogeneous  anisotropy  and 
the  inhomogeneous  anisotropy  are  both  in  the  same  spatial  direction 
and  therefore  that  such  turbulence  has  some  sort  of  a  “special”  charac¬ 
teristic.  This  argument  will  be  disposed  of  later  when  it  will  be  shown, 
using  a  completely  different  approach,  that  the  generalized  spectral  ten¬ 
sor  (recall  that  the  generalized  spectral  tensor  and  the  correlation  tensor 
are  to  be  obtained  from  one  another  by  the  process  of  Fourier  transfor¬ 
mation)  of  even  the  most  general  nonhomogeneous  turbulence,  i.e. 
three  spatial  directions  of  nonhomogeneity,  can  also  be  expressed  in 
terms  of  at  most  2  independently  arbitrary  functions. 

What  this  interesting  result  implies  from  the  standpoint  of  the  statis¬ 
tical  analysis  of  turbulence  in  general  is  that  if  one  desires  to  extend 
and/or  generalize  particular  results  of  the  theory  of  homogeneous  iso¬ 
tropic  turbulence  to  the  case  of  homogeneous  anisotropic  turbulence 
then  one  may  just  as  well  rather  extend  the  results  to  the  more  general 
nonhomogeneous  case,  and  by-pass  the  homogeneous  anisotroic  case 
altogether,  since  the  analysis  of  nonhomogeneous  turbulence  does  not 
require  any  more  independently  arbitrary  functions  than  does  the  homo¬ 
geneous  anisotropic  case,  i.e.  2  independently  arbitrary  junctions  are 
required  for  the  analysis  of  both  types  of  turbulence. 

The  Two  Arbitrary  Functions 

In  order  to  ascertain  which  of  the  13  functions,  An,  appearing  in  the 
expression  for  Gj(x,r)  are  the  “best”  ones  to  select  as  the  2  independent 
arbitrary  functions,  and  also  to  attach  some  physical  significance  to 
these  2  functions,  it  is  necessary  to  explicitly  write  the  expressions  for 
each  of  the  9  elements  of  Gj(x,r)  for  each  of  the  four  specific  cases  r  = 
(0,0,0),  r  m  (r,0,0),  r  =  (0,r,0),  and  r  =  (0,0, r);  recall  that  x  =  (0,0, z) 

always.  Accordingly,  for  r  =  (0,0,0) 
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Cn(x,0)  =  crx2(z)  =  Aio 
Cl2(x,0)  =  (Jx(z)cJy(z)  =  A12Z  +  Ai3 
Cn(x,0)  =  0 
C2i(x,0)  =  —  Ci2(x,0) 

C22(x,0)  =  oy2( z)  -  Aio  =  ox2( z) 

C23(x,0)  =  C32(x,0)  =  C3i(x,0)  =  0 
C33(x,0)  =  az2(z)  =  Ai  +  2Biz  +  A«z2  +  Aio 

where  all  of  the  An  are  An(z,0,0);  for  r  =  (r,0,0) 

Cn(x,r)  =  A9r2  +  Aio 

Ci2(x,r)  =  Ai2z  +  Ai3  C3i(x,r)  =  Ci3(x,r) 

Ci3(x,r)  =  B2r  +  B3rz  C32(x,r)  =  — C23(x,r) 

C2i(x,r)  =  —  Ci2(x,r)  C33(x,r)  =  Ai  +  2Biz  +  Agz2  +  Aio 

C22(x,r)  =  Aio 
C23(x  ,r)  =  Anr 

where  the  An  ~  An(z,0,i2);  for  r  =  (0,r,0) 

Cn(x  ,r)  =  Aio 

Ci2(x,r)  =  Ai2z  +  Ai3  C3i(x,r)  =  — Ci3(x,r) 

Ci3(x,r)  =  —  Anr  C32(x,r)  =  C23(x,r) 

C2i(x,r)  =  — Ci2(x,r)  C33(x,r)  —  Ai  +  2Biz  +  A«z2  +  Aio 

C22(x,r)  =  A9r2  +  Aio 
C23(x,r)  =  B2r  +  B3rz 

where  the  An  ~  AN(z,0,r2);  and  for  r  =  (0,0, r) 

Cn(x,r)  =  Aio 

Ci2(x,r)  =  Anr  +  Ai2z  +  An 

Ci3(x,r)  =  C3i(x,r)  =  C23(x,r)  =  C32(x,r)  =  0 

C2i(x  ,r)  —  — Ci2(x,r) 

C22(x,r)  =  Aio 

C33(x,r)  =  Ai  +  2Biz  +  2B2r  +  2B3zr  +  A«z2  +  A9r2  +  Aio 
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where  the  An  =  AN(z,r,r2). 

Upon  close  inspection  of  these  4  sets  of  expressions,  it  follows  that 
the  function  Aio,  together  with  the  relevant  partial  differential  equa¬ 
tions  of  the  condition  of  continuity,  serves  to  define  not  only  the  3 
intensities  ox,oy,  and  oz  but  also  the  scales  of  the  turbulence  for  the 
correlations  Cn(x,r),  C22(x,r),  and  C33(x,r)  while  the  function  An  sim¬ 
ilarly  serves  to  define  the  product  oxoy  =  ox  and  the  scales  for  the  corre¬ 
lations  Ci2(x,r),  Ci3(x,r),  and  C23(x,r).  The  implication  here  is  not  that 
there  are  3  independent  intensities  and  6  independent  scales  but  rather 
that  there  is  only  1  independent  intensity,  it  could  be  either  ox  —  oy  or 
ctz,  and  only  1  independent  scale.  By  therefore  choosing  the  functions 
Aio  and  An  to  be  the  2  independent  arbitrary  functions  necessary  to 
completely  describe  Qj(x,r),  the  remaining  8  functions,  through  the 
condition  of  continuity,  are  automatically  defined,  and  all  of  the  func¬ 
tional  forms  of  the  statistics  of  the  turbulence  are  consequently  uni¬ 
quely  determined.  Note  that  the  above  4  sets  of  expressions  for  Qj(x,r) 
also  outline  a  method  by  which  the  desired  functional  form  of  both  Aio 
and  An  can  be  obtained.  In  terms  of  functions  which  can  be  experi¬ 
mentally  determined  by  actual  measurements  in  a  simple  non  homo¬ 
geneous  turbulence,  e.g.  the  atmosphere,  the  above  4  sets  of  expressions 
become 

Cn(x,0)  =  C22(x,0)  =  gi(z,0,0)  ~  f(z,0,0) 

Ci2(x,0)  =  — C21(x,0)=  hi  (z, 0,0) 

C33(x,0)  -  g2(z,0,0) 

for  the  case  r  =  (0,0,0), 

Cn(x,r)  =  f(z,0,r2) 

Ci2(x,r)  —  — C2i(x,r)  =  hi(z,0,r2) 

Ci3(x,r)  =  C31  (x,r)  =  h2(z,0,r2) 

C22(x,r)  =  gi(z,0,r2) 

C23(x,r)  =  — C32(x,r)  =  h3(z,0,r2) 

C33(x,r)  =  g2(z,0,r2) 

for  the  case  r  =  (r,0,0), 

Cn(x,r)  =  gi(z,0,r2) 

Ci2(x,r)  =  — C2i(x,r)  =  hi(z,0,r2) 
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C3i(x,r)  =  — Q3(x,r)  =  h3(z,0,r2) 

C22(x,r)  =  f(z,0,r2) 

C23(x,r)  =  C32(x,r)  =  h2(z,0,r2) 

C33(x,r)  =  g2(z,0,r2) 

for  the  case  r  =  (0,r,0),  and 
Cn(x,r)  =  gi(z,r,r2)  =  C22(x,r) 

Ci2(x,r)  =  —  C2i(x,r)  =  hi(z,r,r2)  +  h3(z,r,r2) 

C33(x,r)  =  f(z,r,r2)  +  g2(z,r,r2)  +  2h2(z,r,r2)  “  gi(z,r,r2) 

for  the  case  r  =  (0,0, r).  The  6  functions  f,  gi,  g2,  hi,  h2,  h3  are  geometri¬ 
cally  depicted  in  Fig.  1.  Note  that  the  function  f,  in  general,  is  a  “longi¬ 
tudinal”  correlation  function,  the  functions  gi  and  g2  are  “transverse” 
correlation  functions,  and  the  functions  hi,  h2,  and  h3  are  mixed 
“longitudinal-transverse”  correlation  functions.  The  only  exception 
appears  to  be  C33(x,r)  for  the  case  r  =  (0,0, r)  since  this  tensor  compo¬ 
nent  does  not  express  in  terms  of  f  alone  but  also  involves  the  functions 
gi,  g2,  and  h2. 

THE  GENERALIZED  SPECTRAL  TENSOR  OF 
NONHOMOGENEOUS  TURBULENCE 

The  Concept  of  a  “ Generalized  Spectral  Tensor ” 

The  concept  of  a  generalized  spectral  tensor,  i.e.  a  tensor  that  in 
some  sense  describes  the  distribution  of  energy  over  the  space  of  wave- 
numbers  and  therefore  equivalent  to  that  for  the  homogeneous  case, 
unfortunately  is  a  concept  whose  acceptance  is  not  widespread  for  the 
case  of  nonhomogeneous  turbulence.  The  apparent  reason  for  this  lack 


r —  7  y — r“7u3 

f  (z,o,r2)  g j ( z,o,r  2)  g2(z,o,r2) 


h,(z,  o,  r2)  h2(z,  o,  r2)  h3  (z,o,r2) 

Figure  1.  The  functions  f,gi,g2,hi,ti2,  and  to  for  the  case  r=(r,o,o). 
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of  acceptance  is  that,  due  to  the  difficulty  in  finding  a  suitable  set  of 
orthogonal  eigenfunctions  which  can  be  utilized  to  formulate  a  spectral 
representation  of  the  nonhomogeneous  turbulence  velocity  field,  the 
essence  of  the  generalized  spectral  tensor  concept  is  not  completely  clear 
and  on  the  surface  appears  to  be  rather  paradoxical.  In  a  somewhat 
related  problem  of  the  time  domain,  viz.  that  of  extending  the  concept 
of  a  power-spectrum  for  “stationary”  random  processes,  i.e.  random 
processes  whose  statistics  do  not  vary  in  time,  to  the  case  of  “non¬ 
stationary”  random  processes,  some  research  has  been  done  and  indeed 
reported  in  the  literature  (Page  1952;  Lampard  1954;  Turner  1954; 
Levin  1964;  Priestley  1965,  1967;  Loynes  1968;  Nagabhushanam  and 
Bhagavan  1968;  Bhagavan  1974).  Nevertheless,  even  for  these  cases  the 
concept  of  a  “generalized  power-spectrum”  for  non-stationary  random 
processes  is  still  not  an  idea  whose  formulation  is  widely  accepted  nor 
whose  functional  structure  has  been  thoroughly  investigated. 

For  the  case  of  nonhomogeneous  turbulence  the  concept  of  a  general¬ 
ized  spectral  tensor  is  realized  by  first  expressing  the  velocity  field  as 

Ui(x)  =  (27r)"3Jexp(tk-x)dGi(k),  l  =  \/~— T,  (8) 

and  then  formally  extending,  in  a  “natural”  sort  of  way,  the  relation¬ 
ship  between  the  correlation  and  spectral  tensors  for  the  homogeneous 
case  to  obtain,  for  the  nonhomogeneous  case,  the  expression 

Qjj  (x  i  ,x2 )  =  (2tt)~6S  exp[t(k2‘x2  +  ki*xi)]dYy(ki,k2)  (9) 


where 

dYij(ki,k2)  =  <dGi*(ki)dGj(k2)>  (^denoting  complex  conjugate), 
and  ultimately 


dYij(ki,k2)  =  4>iJ(k,,k2)dk1dk2,  (10) 

<F>ij (k i  ,k2 )  then  being  the  required  generalized  spectral  tensor.  The 
above-mentioned  paradox  becomes  evident  when  it  is  noted  that  in  Eq. 
(8)  the  need  to  resolve  the  turbulent  motion  into  the  sum  of  motions  of 
fluid  components  of  different  linear  size,  i.e.  the  different  “degrees  of 
freedom”  possessed  by  the  fluid,  has  been  satisfied  by  choosing  the 
complex  exponentials  as  the  “appropriate”  set  of  orthogonal  eigen¬ 
functions  to  represent  the  turbulent  velocity  field  while  the  necessary 
functional  dependence  of  Qj  on  both  vectors  xi  and  X2  demands  that 
the  random  amplitudes,  dGi(k),  be  correlated  for  different  values  of  ki 
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and  k2,  i.e.,  that  <dGi*(ki)dGj(k2)>  ^  0  for  ki  #  k2.  This  presence  of 
non-orthongonal  random  amplitudes  is  the  source  of  the  paradox  since 
the  objective  of  defining  a  spectral  tensor  is  to  have  a  function  that  des¬ 
cribes  the  distribution  of  energy  over  the  space  of  wave  numbers  while 
the  presence  of  orthogonal  amplitudes  in  the  formulation  of  <X>ij (k  1  ,k2 )  is 
necessary  if  the  interpretation  of  <I>ij  as  an  “energy  spectrum  tensor”  is 
to  be  feasible.  The  circumvention  of  this  paradox  will  be  described 
within  the  text  of  the  following  section  wherein  the  denotation  of 
*ij(ki,k2)  as  a  “generalized  spectral  tensor”  will  also  become  clear. 

Existence  and  Formulation  of  the  Generalized  Spectral  Tensor 

The  first  question  to  be  addressed  in  the  development  of  the  spectral 
tensor  concept  is  that  of  existence  of  the  tensor.  In  the  corresponding 
non-stationary  problem  Loynes,  [loc.  cit. ]  has  pointed  out  that  there  are 
certain  requirements  that  a  function  must  satisfy  in  order  for  it  to  be 
the  “spectral  function”  of  a  non-stationary  random  process.  Further¬ 
more  he  has  concluded  that  no  one  function  can  satisfy  all  of  the  neces¬ 
sary  requirements  and  therefore  that  a  spectral  function  should  be 
defined  for  whatever  particular  case  of  non-stationary  behavior  there 
exists  in  the  problem  at  hand,  i.e.  there  is  no  spectral  function,  which 
can  be  represented  in  terms  of  a  single  arbitrary  function,  for  the  gen¬ 
eral  case  of  non-stationary  behavior.  It  appears  that  the  same  situation 
prevails  in  the  case  of  nonhomogeneous  turbulence,  i.e.  the  generalized 
spectral  tensor  cannot  be  represented  in  terms  of  a  single  arbitrary  func¬ 
tion,  although  as  will  be  seen  later  once  the  existence  of  the  spectral 
tensor  is  established  for  whatever  nonhomogeneous  characteristics  the 
turbulence  may  exhibit  the  number  of  arbitrary  functions  which  are 
needed  to  completely  specify  the  tensor  is  limited  to  two. 

The  existence  of  the  tensor  is  to  be  formally  established  as  follows. 
The  generalized  spectral  tensor  exists  if  there  exists  yet  another  tensor, 
Yij(ki,k2),  where  ki  and  k2  are  independent  wave-number  vectors,  such 
that  the  correlation  tensor  can  itself  be  obtained  from  Yjj  by  means  of 
the  Fourier-Stieltjes  integral,  Eq.  (9).  Note  that  this  criterion  for  the 
existence  of  Ty  is  the  natural  extension  to  the  nonhomogeneous  case  of 
the  corresponding  criterion  which  guarantees  the  existence  of  a  spectral 
tensor  for  homogeneous  turbulence  (Batchelor  1967).  Indeed,  Eq.  (9) 
reduces,  as  it  should,  to  the  homogeneous  criterion  whenever  the  turbu¬ 
lence  is  homogeneous  rather  than  nonhomogeneous  since  for  that  case 
the  amplitudes,  dYy,  become 


dY,j(ki,k2)  =  dYij(/f,k)=  (27r)35(^)dZij(k),  (11) 


S(-)  being  the  Dirac  function,  and  accordingly 
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Qjjj(xi,x2)  —  (27 r)  3Jexp[ik-(x2  —  xi)]dZy(k)  =  Qij(x2  —  xi),  (12) 

where  k  =  k2  —  ki  and  k  =  (ki  +  k2)/2. 

An  obvious  property  of  the  spectral  tensor,  as  discussed  in  Section  1, 
is  that  it  is  “two-dimensional”  in  character,  i.e.  the  presence  of  the 
complex  exponentials  and  the  necessary  functional  dependence  of  the 
correlation  tensor  on  both  xi  and  x2,  rather  than  on  the  difference  r  = 
x2  —  xi  only,  together  dictate  that  the  generalized  spectral  tensor 
depend  on  both  ki  and  k2  separately.  And  while  this  inescapable  feature 
of  <£ij  may  cause  some  difficulty  with  regard  to  the  interpretation  of  the 
spectral  tensor  as  a  “power-spectral  tensor”,  it  will  nevertheless  have 
another  rather  interesting  physical  interpretation  as  will  be  seen 
momentarily  when  attention  is  directed  to  the  mathematical  construc¬ 
tion  of  <J>y. 

The  construction  of  the  spectral  tensor  for  the  general  case  of  non- 
homogeneous  turbulence  can  be  attained  through  a  combination  of  two 
distinct  representations  of  the  turbulence  velocity  field.  As  will  be  seen 
in  Section  4  each  of  these  two  representations  corresponds  to  a  particu¬ 
lar  type  of  nonhomogeneous  behavior  which  may  exist  in  the  turbulent 
fluid.  The  first  of  these  begins  with  the  standard  decomposition,  Eq. 
(8),  which  leads  to  the  integral  representation  of  the  correlation  tensor, 
Eq.  (9).  In  this  representation  the  2-dimensional  character  of  <E>y 
requires,  as  was  discussed  earlier,  that  the  dGi(k)  be  non- orthogonal. 
The  physical  interpretation  of  this  feature  is  that  the  generalized  spec¬ 
tral  tensor,  through  the  random  amplitudes,  contains  information 
about  the  correlation  between  the  amplitudes  for  ki  ^  k2  as  well  as 
information  about  the  mean-square  value  of  the  dGi.  Since  the  presence 
of  uncorrelated  amplitudes  in  the  spectral  representation  of  Qj  is  neces¬ 
sary  for  the  interpretation  of  4>ij  as  a  power-spectral  tensor  to  be  feasi¬ 
ble,  the  situation  at  hand  can  be  somewhat  alleviated  if  the  dGi  are 
themselves  decomposed  into  the  form 

dGi(k)  =  dGi(l,(k)  +  dG(2’(k)  (13) 

where  the  dGi(1)  and  the  dGi<2)  are,  for  ki  ^  k2,  uncorrelated  with  them- 
selves  but  not  uncorrelated  with  each  other.  This  results  in 

dYij(ki,k2)  =  <dGi(1)*(ki)dGj(1)(k2)>  +  <dGi(2)*(ki)dGj(2,(k2)>  + 

<dGi(1)*(ki)dGj(2Vk2)>  +  <dGi(2)*(ki)dGj(1)(k2)>,  (14) 

where  <dGi(1)*(ki)dGj(1)(k2)>  =  0  for  ki  k2  and  similarly  for 
<dGi(2)’(ki)dGj(2)(k2)>,  the  expression  for  <£ij  therefore  being  obtained  by 
substituting  Eq.  (14)  into  Eq.  (10).  From  this  representation  it  can  be 
reasonably  assumed  that  <dGi(1)#(ki)dGj(1)(k2)>  corresponds  to  the  horn- 
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ogeneous  isotropic  part  of  the  turbulence,  <dGi(2)‘(ki  )dGj(2)(k2p>  to  the 
homogeneous  anisotropic  part  of  the  turbulence,  while  <dGi(1)* 
(ki)dGj(2)  (k2)>  +  <dGi{2)*(ki)dGj(1)(k2)>  corresponds  to  the  inhomo¬ 
geneous  anisotropic  part  of  the  turbulence. 

The  second  representation  begins  with  the  more  general  decomposi¬ 
tion, 


Ui(x)  =  J'7(i)(k,x)dW1(k),  (15) 

where  the  dWi(k)  are  uncorrelated  for  different  values  of  k  but  the 
y(i)(k,x)  are  not  orthogonal,  i.e., 

J'y(0*(ki,x)y(j)(k2,x)dx  0  for  ki  ^  k2;  (16) 

the  integral  representation  for  Qj  is  then 

Qjj(xi,x2)  =  jV0#(k’,  x i )y(j) (k ’ ,x2 )<d Wi* (k ’ )d Wj (k ’ ) A .  (17) 

The  superscript  “i”  is  of  necessity  introduced  into  the  notation  since 
for  the  most  general  case  of  nonhomogeneous  turbulence  all  3  spatial 
directions  are  essentially  statistically  different,  and  therefore  the  eigen¬ 
functions  used  to  spectrally  represent  Ui(x)  will  not  necessarily  be  the 
same  for  all  values  of  i. 

This  representation  is  both  an  extension,  to  the  case  of  nonhomo¬ 
geneous  turbulence,  and  a  modification,  to  include  the  entire  space  of 
wave-numbers,  of  a  method  outlined  by  Cramer  (1960)  for  representing 
certain  classes  of  nonstationary  stochastic  processes.  To  introduce  the 
complex  exponentials  into  this  formulation  the  functions  y(l)(k’,x)  are 
themselves  represented  as 

y(i)(2k’,x)  =  (27r)"3J'r(i)(k,,k)exp(tk-x)dk  (18) 

from  which  ultimately  follows 

<J>ij(k,,k2)  =  JT,,'*(k’>k,)rU)(k’,k2)<dW1*(k’)dWj(k’)>.  (19) 

The  interpretation  of  this  representation  is  that  information  about 
the  mean-square  is  shared  between  the  random  amplitudes  dWi(k)  and 
the  functions  y(l)(k,x)  while  the  values  of  <f>ij  for  ki  ^  k2  are  determined 
entirely  through  the  (generalized)  Fourier  transform  r(1,(k’,k),  i.e.  the 
functions  r(l)(k’,k)  play  the  role  of  transfer  functions  transferring  energy 
from  wave-number  vector  k’  to  wave-number  vector  k.  In  this  formula¬ 
tion  the  homogeneous  isotropic  and  anisotropic  parts  of  the  turbulence 
are  carried  by  <dW,  *(k)dWj(k)>  while  the  inhomogeneous  anisotropic 
part  is  carried  by  r(l)*(k,ki  )r(j)(k,k2). 
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The  foregoing  basic  representations  of  the  turbulence  velocity  field 
can  be  combined  to  give  the  incorporated  representation 

Ui(x)  =  jy^k’^dG/^k’)  +  dGi  (2)(k’)]  (20) 

as  the  desired  “spectral”  representation  of  the  velocity  field  for  the  gen¬ 
eral  case  of  nonhomogeneous  turbulence;  the  expression  for  the  gener¬ 
alized  spectral  tensor  is  therefore 

4>(J(k1)k2)  =  J'r(i)*(k',,k,)ru,(k’2,k2)[<dG,,I’*(k’1)dGj,1,(k’2)>  + 

<dGi,2)#(k’i)dGj(2)(k’2)>  +  <dGim*(k’i)dGj,2’(k’2)>  + 
<dG;(2’*(k’,)dGj|1,(k’2)>].  (21) 

This  expression  for  the  tensor  can  account  for  the  effects  of  spatial 
variations  in  the  turbulence  intensity  and/or  the  turbulence  scale(s), 
and  is  in  fact  the  most  general  form  of  In  the  following  section  the 
analysis  will  focus  on  the  functional  characteristics  of  the  general  form 
of  <I>ij,  in  particular  the  presence  of  any  symmetry  properties  and  also 
the  determination  of  the  least  number  of  arbitrary  functions  required 
for  the  complete  specification  of 

Functional  Characteristics  of  <I>ij 

The  existence  and  mathematical  construction  of  <f>ij  having  been 
established,  it  is  an  easy  task  to  show  that  <J>ij  is,  in  the  general  case,  not 
a  Hermitian  tensor;  indeed,  from  the  definition,  Eq.  (9),  it  can  be 
deduced  that  <I>ij  ^  Nevertheless  it  is  possible  to  uniquely  represent 
as  a  linear  combination  of  2  Hermitian  tensors  by  means  of  the 
decomposition 


=  ($ij  +  $ji#)/2  +  (Oij  -  ^>ji#)/2  (22) 

where  (<£ij  +  $ji*)/2  =  <I>ij(1)  is  Hermitian,  and  (<f>ij  —  <f>ji*)/2  =  is 
skew-Hermitian.  The  substitution  4>ij(2)  =  where  'Ey  is  Hermitian 
then  provides  the  required  linear  combination. 

The  diagonalization  of  <I>ij  proceeds  as  follows.  The  theory  of  Hermi¬ 
tian  matrices  (Gantmacher  1959)  guarantees  that  under  appropriate 
mathematical  conditions  there  does  exist  a  nonsingular  transformation, 
Xi  =  Ajjyj,  that  simultaneously  transforms  the  2  quadratic  forms6, 

6The  exact  conditions  for  which  this  transformation  is  possible  are  highly  abstract  in 
nature  and  therefore  need  not  be  discussed  here.  The  important  thing  to  remember  is 
that  for  those  cases  of  nonhomogeneous  turbulence  for  which  <Ej  does  indeed  exist, 
should  also  be  expressible,  since  it  is  the  Fourier  transform  of  Gj,  in  terms  of  2  inde¬ 
pendently  arbitrary  functions.  And  while  the  above  transformation  is  not  necessary  for 
this  particular  result  to  ensue  it  is  surely  sufficient;  therefore,  it  is  reasonable  to  assume 
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<f>(1)  =  Xi3>ij(1)Xj  and  T  —  Xi'PyXj  (23) 

into  the  respective  forms, 

<f>(1)  =  Piyiyi*  +  P2y2y2#  +  Psy3y3#  (24) 


and 


T  =  Riyiyi*  +  R2y2y2*  +  Rsy3y3*  (25) 

where  the  Pi  and  the  Ri  are  real  functions  of  ki  and  k2.  The  conse¬ 
quence  of  this  simultaneous  diagonalization  is  that  the  complete  speci¬ 
fication  of  <f>ij  can  be  reduced  to  the  determination  of  the  6  real  func¬ 
tions,  Pi  and  Ri.  These  6  functions  however  are  not  all  independent;  the 
2  partial  differential  equations  of  the  continuity  condition,  which 
apply  to  both  <f>y(1)  and  Ty  independently,  must  also  be  satisfied,  a  con¬ 
straint  which  reduces  the  complete  specification  of  <f>y  to  2  arbitrary 
functions  of  ki  and  k2.  The  essence  of  this  result,  for  a  much  simpler 
type  of  turbulence,  was  achieved  by  other  methods  in  an  earlier  part  of 
this  paper. 

Functional  Form  of  <J>y  for  Specific  Nonhomogeneous  Characteristics 
Consider  first  the  characteristic  of  varying  integral  scale(s).  To  obtain 
the  functional  form  of  <I>y  which  incorporates  the  effects  of  varying 
scale(s)  the  turbulence  intensity  is  necessarily  assumed  to  be  constant, 
written  simply  as  o,  and  the  turbulence  velocity  field  is  expressed  as 

Ui(x)  =  (27r)~3Jexp(ik-x)[dGi(1)(k)  +  dGi(2)(k)].  (26) 

This  results  in  the  functional  form  of  the  generalized  spectral  tensor, 
expressed  here  in  terms  of  the  wave-number  vectors  k  and  k, 


$ij(*.k)  =  (27r)3<5(/c)4>ij(k)  +  xij(*,k). 


(27) 


where  (27r)3<5(Ar)d>ij(k)  is  the  contribution  to  <f>ij(/r,k)  that  comes  from 
<dGi(1|"(ki)dGj(1)(k2)>  +  <dGi'2),(ki)dGj<2)(k2)>  while  xu(*.k)  is  the  con¬ 
tribution  that  comes  from  {<dGi(1,*(ki )dGj(2)(k2)>  +  <dGi|2)"(ki) 
dGj(l,(k2)>J.  In  this  expression  d>ij(k)  can  often  be  chosen  to  be  the  spec- 
tral  tensor  for  homogeneous  isotropic  turbulence7  while  the  functional 
form  of  Xu  can  always  be  determined  by  explicitly  defining  the  desired 

that  whenever  <t>ij  does  exist  it  will  necessarily  be  possible  to  also  impose  the  above  trans¬ 

formation. 

7This  simply  means  that  we  can  neglect  the  homogeneous  anisotropic  part  of  the  turbu¬ 
lence. 
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spatial  variation  in  the  scale(s),  and  then  choosing  an  appropriate 
although  arbitrary  function  to  effect  the  necessary  spatial  changes  in 
the  shape  of  the  correlation  tensor  (Trevino  1979,  1980,  and  1981). 

The  characteristic  of  varying  intensity  is  incorporated  into  the  func¬ 
tional  form  of  <f>ij  by  assuming  the  scale(s)  to  be  constant  and  using  the 
Schwartz  inequality  to  initially  express  the  turbulence  velocity  field  as 
Ui(x)  =  a(1)(x)fi(x),  where  <fi(xi)§(x2)>  —  Zij(x2  —  xi),  and  ultimately  as 

Ui(x)  =  cr(i)(x)J'exp(tk,*x)dWi(k’)  (28) 

=  j7(i)(k’,x)dWi(k’),  (29) 

where  7(l>(k,x)  =  a(l)(x)  exp  (tk*x).  The  functional  form  of  the  spectral 
tensor  is  then 

$ii(k,,k2)  =  Xrl0‘(k’  -  k,)ra’(k'  -  k2)<dWi*(k’)dWj(k’)>,  (30) 

=  JT0)*(k’  -  k,)ra)(k'  -  k2)0ij(k’)dk',  (31) 

where  the  homogeneous  anisotropic  part  of  the  turbulence  has  been 
neglected. 

The  combined  characteristics  of  varying  scale(s)  and  intensity  are 
therefore  incorporated  in  <J>ij  by  beginning  with 

Ui(x)  =  X7(‘l(k’,x)[dGi<1|(k’)  +  dGi,2,(k’)]  (32) 

which  yields  the  generalized  spectral  tensor, 

$ii(k,,k2f  =  JT(i,*(k’,  -  ki)r(i'(k2  -k2)[(27T)3d(k’2  -k,)0ij((k’,  +  k'i)/2)  + 

Xij(k’,,k’2)]dk’idk’2,  (33) 


or  equivalently, 


$ij(#r,k)  =  JT(i)*(k’  -  kV 2  -  k  +  /r/2)ra)(k’  +  kV 2  -  k  -  k/2) 


[^TrfdiK'Wnik')  +  xa(f<'M,)]dK'dk\  (34) 

where  k'  —  k’2  ~  k’i  and  k’  =  (k’i  -f  k(2)/2.  Note  the  presence,  in  Eqs. 
(33)  and  (34),  of  the  effects  on  <£,j  of  the  coupling,  represented  by  the 
product  r(l,*(‘)r(j)(*)xij,  -  which  exists  between  spatial  changes  in  the 
scale(s)  and  spatial  changes  in  the  intensity.  These  effects,  however,  are 
negligible  whenever  the  described  changes  are  both  “small”,  in  which 
case  the  turbulence  can  be  denoted  as  “almost  homogeneous”. 
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SUMMARY  AND  DISCUSSION 

An  introduction  to  the  theory  of  nonhomogeneous  turbulence  has 
been  presented  in  the  foregoing  sections.  The  presentation  has  focused 
on  the  application  of  the  theory  of  tensor  invariants  to  the  direct 
determination  of  the  functional  form  of  the  second-order  2-point  veloc¬ 
ity  correlation  tensor  Qj(x,r)  and  on  the  formulation  of  the  concept  of  a 
generalized  spectral  tensor  for  nonhomogeneous  turbulence.  In  the  part 
on  the  application  of  the  theory  of  invariants  it  was  shown  that  Gj(x,r) 
can  be  initially  expressed  in  terms  of  13  arbitrary  functions  of  x  and  r, 
but  that  symmetry  considerations  together  with  the  condition  of  conti¬ 
nuity  reduce  the  number  of  independent  arbitrary  functions  necessary 
to  completely  specify  Qj(x,r)  to  2;  the  physical  significance  of  these  2 
arbitrary  functions  in  terms  of  the  intensity  and  the  scales  of  the  turbu¬ 
lence  was  then  determined.  In  the  part  on  the  formulation  of  the  spec¬ 
tral  tensor  concept  it  was  shown  that  the  generalized  spectral  tensor 
<£ij(#r,k)  can  also  be  ultimately  represented  in  terms  of  2  arbitrary  func¬ 
tions  of  k  and  k.  These  2  results,  which  were  arrived  at  independently, 
are  both  new  and  unreported  elsewhere  in  the  literature. 

The  application  of  the  theory  of  invariants  was  effected  by  consider¬ 
ing  only  “simple  nonhomogeneous  turbulence’’  for  two  reasons.  First, 
the  extension  of  invariant  theory  to  the  more  general  case  of  nonhomo¬ 
geneous  turbulence  is  somewhat  more  mathematically  involved  (since  it 
entails  the  inclusion  of  yet  another  unit  vector,  v,  in  the  invariant  for¬ 
mation  process)  while  the  gain  in  versatility  by  considering  the  more 
general  case  is  minimal;  to  be  sure,  the  correlation  (and  spectral)  tensor 
will  still  be  expressible  in  terms  of  2  arbitrary  functions.  Second,  the 
immediate  application  of  the  presented  theory  to  the  case  of  atmos¬ 
pheric  turbulence,  indeed  even  to  turbulence  which  is  often  generated 
in  the  laboratory,  is  quite  clear.  The  formulation  of  the  generalized 
spectral  tensor  concept  was  founded  upon  the  combination  of  two  dif¬ 
ferent  spectral  representations  of  the  turbulence  velocity  field.  The  rea¬ 
son  for  this  combination  lies  in  the  fact  that  <f>ij  must  necessarily 
depend  upon  2  independent  wave-number  vectors  while  the  notion  of 
uncorrelated  amplitudes  in  the  definition  of  <F,j  must  be  retained  if  it  is 
desired  to  interpret  the  generalized  spectral  tensor  as  an  energy  distribu¬ 
tion  over  the  space  of  wave-numbers;  there  being  basically  two  types  of 
“inhomogeneities’’  which  must  be  considered,  viz.  inhomogeneities  in 
the  intensity  and  in  the  scales,  each  inhomogeneity  will  have  its  own 
unique  and  natural  spectral  representation.  It  was  shown  that  for  the 
case  of  inhomogeneities  in  the  scales  of  the  turbulence  the  classical 
complex  exponential  eigenfunction  approach  was  ample  for  the  con¬ 
struction  of  <Fij  provided  that  the  complex  Fourier  amplitudes  dGi(k) 
were  not  uncorrelated  for  ki  #  k2.  The  characteristic  of  uncorrelated 
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amplitudes  was  then  introduced  into  the  formulation  with  the  corres¬ 
ponding  interpretation  that  <Fy  is  therefore  decomposed  into  the  sum  of 
a  tensor  that  contains  information  about  the  mean-square  value  of  the 
dGi  only,  plus  a  tensor  that  contains  information  about  both  the  mean- 
square  and  the  correlation  between  the  dGi  for  ki  9^  k.2.  For  the  case  of 
inhomogeneities  in  the  intensity  of  the  turbulence  it  was  shown  that 
the  notion  of  uncorrelated  amplitudes  could  be  easily  retained  provided 
that  a  set  of  eigenfunctions,  y(l)(k,x),  different  from  the  set  of  complex 
exponentials  be  used  to  construct  <Fy.  However,  this  formulation  was 
subsequently  reduced  to  the  complex  exponential  case  by  expressing 
the  y(l)(k,x)  themselves  as  Fourier  integrals,  see  Eq.  (18),  with  the  cor¬ 
responding  interpretation  that  information  about  the  mean-square  is 
shared  between  the  y(l)(k,x)  and  the  generalized  Fourier  amplitudes 
dWi(k)  while  information  about  the  values  of  <Fy  for  ki  k2  is  con¬ 
tained  in  the  Fourier  transform  of  y(l)(k,x).  The  theory  of  Hermitian 
tensors  was  used  to  determine  the  functional  characteristics  of  <Fy  since 
<Fij  is  in  general  not  a  real  tensor,  i.e.,  it  may  have  an  imaginary  part, 
and  the  theory  of  Hermitian  tensors  is  the  correct  generalization  to 
complex  space  of  the  corresponding  theory  of  real  symmetric  tensors. 
This  analysis  led  to  the  conclusion  that  <Fy  could  be  diagonalized  and 
ultimately  that  <f>y  could  be  expressed  in  terms  of  two  arbitrary  func¬ 
tions.  The  general  functional  form  of  <Fy  was  determined  for  specific 
nonhomogeneities,  i.e.  nonhomogeneities  in  the  scale(s),  nonhomoge¬ 
neities  in  the  intensity,  and  a  combination  of  both. 

In  closing  it  is  appropriate  to  clearly  state  that  the  results  of  the 
foregoing  should  not  be  interpreted  in  terms  of  some  sort  of  a  dramatic 
breakthrough  in  the  theory  of  turbulence  but  rather  as  a  necessary  first 
step  in  the  development  of  the  overall  theory  of  nonhomogeneous  tur¬ 
bulence. 
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ABSTRACT 

A  comparison  of  diversity  indices  was  made  between  benthic  macroinvertebrate  com¬ 
munity  structure  before  and  after  6  month  operation  of  a  steam-turbine  electric  plant. 
There  was  indication  that  the  heated  effluent  suppressed  normal  community  development 
in  part  of  the  new  reservoir.  Diversity  increased  at  both  shallow  and  deep  stations  located 
in  areas  unaffected  by  the  heated  effluent  while  diversity  did  not  increase  at  affected  sta¬ 
tions.  A  change  in  organism  distribution  at  deep  stations  and  the  addition  of  taxa  at 
shallow  stations  were  responsible  for  diversity  increases. 

INTRODUCTION 

A  growing  concern  in  the  U.S.  is  the  increase  in  heated  effluents 
which  are  being  discharged  into  lakes,  streams  and  estuaries.  The  prin¬ 
cipal  source  of  these  heated  effluents  is  the  electric-power  industry 
(Clark,  1969)  and  with  increasing  electric  utility  demand,  water  use  for 
cooling  purposes  will  increase.  In  Texas,  approximately  two-thirds  of 
the  steam-electric  generating  capacity  is  installed  on  lakes,  bays  and 
estuaries,  while  the  balance  uses  cooling  towers  (Drew  and  Tilton, 
1970).  In  the  past  decade  there  has  been  a  trend  toward  the  construction 
of  power  plants  on  closed-cycle  cooling  reservoirs  where  there  is  no 
thermal  effluent  discharged  into  natural  aquatic  ecosystems. 

There  is  an  extensive  literature  on  the  effects  of  thermal  effluents  on 
aquatic  life  and  ecosystems  (e.g.  Gibbons  and  Sharitz,  1974;  Esch  and 
McFarlane,  1976).  Macroinvertebrates  and  their  response  to  heated 
waters  have  been  the  subject  of  several  studies  (Wurtz,  1969;  Parkin  and 
Stahl,  1981).  The  objectives  of  the  present  study  were  to  (1)  show  the 
influence  of  a  heated  discharge  on  the  macrobenthic  community  struc¬ 
ture  in  Calaveras  Lake,  a  cooling  reservoir,  using  diversity  indices;  (2) 
establish  baseline  data  needed  to  study  the  effects  of  future  plant  expan¬ 
sion;  and  (3)  compile  a  list  of  macroinvertebrate  taxa  in  a  new  central 
Texas  reservoir. 
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METHODS  AND  MATERIALS 

Calaveras  Lake  is  a  man-made  reservoir  located  approximately  24.1 
km  southeast  of  San  Antonio,  Texas,  and  has  a  drainage  basin  of  168 
km2.  Water  is  supplied  to  the  reservoir  from  two  sources,  runoff  and 
pumping  from  the  San  Antonio  River. 

Construction  of  the  reservoir  began  in  1968  and  by  January,  1970,  the 
reservoir  was  completely  filled  having  a  surface  area  of  1437  hectares 
(ha),  a  volume  of  78.9  cubic  hectometers  (hm3)  and  an  average  depth  of 
6  m. 

The  Reservoir  is  owned  and  operated  by  the  San  Antonio  City  Public 
Service  Board.  Its  primary  function  is  to  supply  cooling  water  for 
steam-turbine  electrical  generating  plants  located  on  the  reservoir  but  it 
also  serves  as  a  recreational  facility  under  the  management  of  the  San 
Antonio  River  Authority.  Design  criteria  indicate  that  enough  cooling 
water  is  available  for  a  total  generating  capacity  of  4400  megawatts. 
Plans  at  this  time  project  a  total  production  capacity  of  3368  megawatts 
by  1982.  During  the  latter  part  of  this  study  only  one  unit  using  natu¬ 
ral  gas  as  an  energy  source  and  having  the  total  generating  capacity  of 
385  megawatts  was  in  operation. 

Pumps,  capable  of  circulating  1138  m3/min,  remove  cooling  water 
from  the  bottom  of  the  reservoir  and  move  it  through  a  long  canal  to 
the  plant  (Fig.  1).  Water  increases  in  temperature  by  approximately  5.6 
C  as  it  passes  through  the  plant  and  is  then  discharged  into  a  cove  at 
the  opposite  end  of  the  reservoir.  Engineering  data  indicate  that  under 
the  full  production  of  4400  megawatts  the  maximum  temperature  at  the 
intake  will  never  exceed  34  C. 

A  total  of  6  sampling  stations  were  established  in  3  areas  (A,  B  and 
C).  A  shallow  (S)  and  a  deep  (D)  station  were  located  in  each  area  (Fig. 
1).  The  letters  AS  indicate  the  shallow  station  in  Area  A,  BD  refers  to 
the  deep  station  in  Area  B,  etc.  Area  A,  located  on  the  opposite  side  of 
the  reservoir  from  Areas  B  and  C,  served  as  a  control  station.  Area  B 
was  located  at  a  point  a  little  more  than  three-fourths  of  the  way 
between  the  point  of  discharge  and  the  mouth  of  the  intake  canal.  Area 
C  was  located  in  the  cove  which  received  the  heated  effluent.  All  shal¬ 
low  stations  were  similar  with  respect  to  depth  (1-2  m)  and  substrate  (a 
predominance  of  clay,  sand,  fine  gravel  and  medium  gravel).  Dead 
grass  and  small  twigs  composed  10%  of  this  substrate.  All  deep  stations 
had  similar  substrates  composed  of  thick,  viscous  ooze,  with  the  occa¬ 
sional  appearances  of  rocks,  small  twigs  and  limbs.  AD  and  BD  were 
located  at  a  depth  of  8-10  m  compared  to  5-7  m  at  CD  which  was  the 
deepest  water  available  in  Area  C. 

The  6  stations  were  sampled  monthly  from  November,  1971,  to  April, 
1972,  prior  to  the  operation  of  the  steam-turbine  electric  plant  (the  first 
collecting  period)  and  monthly  from  November,  1972,  to  April,  1973, 
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Figure  1.  Map  of  Calaveras  Lake  showing  the  location  of  collecting  stations  (AS,  AD, 
BS,  BD,  CS,  CD),  location  of  the  power  plant,  intake  and  discharge  canals  and 
the  direction  of  flow  of  heated  waters  (see  arrows).  Points  X  and  Y  represent 
locations  where  vertical  temperature  profiles  were  taken  in  January,  1973. 


after  operation  began  (the  second  collecting  period).  The  plant  began 
operation  in  April,  1972. 

Six  0.02-m2  Ekman  grab  samples  were  taken  at  each  of  the  6  stations. 
The  grab  samples  were  washed  in  a  12-1  wash  bucket  having  a  No.  30 
mesh  screen  bottom,  and  the  remaining  debris  and  organisms  were 
placed  in  collecting  bottles  containing  70%  ethanol. 

Estimates  of  the  average  diversity  per  individual  (d)  were  determined 
by  the  equation  proposed  by  Wilhm  and  Dorris  (1968)  and  redundancy 
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TABLE  1 

Monthly  means  and  ranges  of  water  temperature  (C)  for  surface  samples  at  all  stations 
and  bottom  samples  at  all  deep  stations  for  both  collecting  periods. 


Surface  Readings  Bottom  Readings 


Date 

Mean 

Range 

Mean 

Range 

1971  Nov. 

19.2 

18.8-19.8 

19.0 

19.0-19.0 

Dec. 

15.5 

14.7-16.1 

14.3 

14.1-14.5 

1972  Jan. 

13.6 

13.1-14.3 

12.6 

12.4-12.6 

Feb. 

12.8 

12.3-13.1 

11.5 

11.3-11.8 

Mar. 

19.8 

19.7-20.0 

17.7 

17.1-18.2 

Apr. 

24.3 

23.7-25.1 

20.4 

20.0-20.9 

Nov. 

16.2 

15.2-16.5 

16.2 

16.1-16.2 

Dec. 

10.7 

10.2-11.3 

10.6 

10.2-11.3 

Dec.3 

10.4 

10.2-10.5 

10.2 

10.2-10.2 

Dec.b 

11.3 

11.3-11.3 

11.3 

11.3 

1973  Jan. 

12.2 

10.1-16.1 

12.1 

10.1-15.9 

Jan.3 

10.4 

10.1-10.4 

10.2 

10.1-10.3 

Jan.b 

15.9 

15.7-16.1 

15.9 

15.9 

Feb. 

13.1 

12.3-13.2 

10.6 

10.3-11.0 

Mar. 

18.0 

17.9-18.0 

17.4 

17.2-17.6 

Apr. 

22.9 

21.8-23.8 

18.4 

18.9-19.8 

indicates  means  and  ranges  for  areas  A  and  B  only 
indicates  means  and  ranges  for  area  C  only 


(r)  was  calculated  according  to  equations  provided  by  Young  et  al. 
(1976).  Values  of  d  and  r  were  calculated  monthly  for  each  station. 

Water  temperature  profiles  were  measured  using  a  FT  3  Marine 
Hydrographic  Thermometer.  Temperature  was  the  only  physicochemi¬ 
cal  parameter  found  to  differ  significantly  between  sites. 

RESULTS  AND  DISCUSSION 
Temperature 

During  December  of  1972,  power  generation  was  beginning  to  affect 
water  temperature  as  indicated  by  a  mean  water  temperature  in  Area  C 
which  was  0.9  C  higher  at  the  surface  and  1.1  C  higher  at  the  bottom 
than  respective  mean  water  temperatures  in  Areas  A  and  B  (Table  1). 
This  trend  continued  in  January  when  the  difference  was  5.5  C  at  the 
surface  and  5.7  C  at  the  bottom.  In  February  the  effect  of  power  genera¬ 
tion  on  water  temperature  was  no  longer  observed  due  to  a  low  level  of 
generation  which  was  maintained  throughout  the  remainder  of  the  col¬ 
lecting  period.  Water  temperatures  were  also  taken  in  January  to 
determine  the  distance  from  Area  C  at  which  the  heated  water  could  be 
detected.  At  point  X  (Fig.  1),  water  temperatures  from  the  surface  to  the 
bottom  taken  at  1  m  intervals  were  12.8  C,  12.8  C,  12.5  C,  11.8  C,  and 
11.0  C.  At  point  Y  (Fig.  1),  water  temperatures  from  the  surface  to  the 
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TABLE  2 

The  relative  importance  of  each  taxon  based  on  its  frequency  of  collection 


Taxon 

AS 

BS 

cs 

AD 

BD 

CD 

Nematoda 

iyd+e 

O 

IVe 

IV 

IV* 

O 

Oligochaeta 

Limnodrilus  hoffmeisteri 

ja 

I 

I 

I 

Ilf 

I 

Tubifex  tub  if  ex 

llb 

II 

III 

III 

II 

II 

Dero  digitata 

I 

I 

I 

II 

II 

IV 

Hirudinea 

o 

O 

IV* 

o 

O 

o 

Diptera 

Chironomus  sp. 

i 

II 

I 

I 

I 

I 

Pseudochironomus  sp. 

i 

I 

I 

IV 

o 

IV 

Parachironomus  sp. 

o 

o 

IV 

o 

o 

o 

Cryptochironomus  sp. 

I 

I 

II 

II 

II 

II 

fGoeldichironomus  sp. 

IV* 

o 

IV* 

o 

o 

o 

Dicrotendipes  nervosus 

o 

o 

IV* 

o 

o 

o 

D.  modestus 

o 

o 

IV* 

o 

o 

o 

Polypedilum  sp. 

II 

I 

II 

o 

o 

IV* 

Procladius  sp. 

II 

III 

III 

II 

II 

III 

Glyptotendipes  sp. 

IV* 

o 

IV* 

IV 

o 

o 

Tanypus  sp. 

IV 

o 

o 

IV 

IV 

IV 

Coelotanypus  sp. 

o 

o 

o 

IV* 

IV* 

IV* 

Ceratogpogonidae 

o 

o 

o 

o 

IV* 

o 

Chaoborus  punctipennis 

IV 

III 

III 

I 

I 

I 

Ephemeroptera 

Caenis  sp. 

IV* 

IV 

III 

o 

IV* 

o 

Trichoptera 

Polycentropus  sp. 

o 

IV* 

IV* 

o 

o 

o 

Total  Taxa 

14 

11 

18 

12 

12 

11 

aI  represents  organisms  collected  during  10-12  months  out  of  the  12  months  sampled 

hII  represents  organisms  present  during  7-9  months  out  of  12 

Til  represents  organisms  present  during  4-6  months  out  of  12 

dIV  represents  organisms  present  during  1-3  months  out  of  12 

eOnly  1  or  2  specimens  of  that  taxon  found  in  all  samples  at  that  station 


bottom  taken  at  1  m  intervals  were  11.9  C,  12.0  C,  11.9  C,  11.7  C,  11.2 
C  and  10.6  C.  At  BD  a  water  temperature  of  10.4  C  was  uniform  from 
top  to  bottom.  All  the  above  measurements  were  taken  within  30  min 
of  each  other  and  suggest  that  any  heated  water  reaching  BD  would 
have  had  minimal  effects. 

Biological 

Of  the  21  different  organisms  collected  during  the  study  period 
(Table  2),  7  were  found  at  all  stations.  In  order  to  properly  consider  the 
relative  importance  of  a  particular  taxon  to  the  community  structure  at 
each  station,  each  taxon  was  designated  by  a  Roman  numeral  (Table 
2).  Although  this  numeral  represented  the  monthly  frequency  of  occur¬ 
rence  of  a  taxon  at  a  station  and  not  numbers  of  organisms,  it  was 


62 


THE  TEXAS  JOURNAL  OF  SCIENCE 


TABLE  3 

Mean  number  and  range  of  taxa  collected  monthly  during  each  collecting  period  at  each 
station 


Station 

1971 

■1972 

1972-1973 

Mean 

Range 

Mean 

Range 

AS 

6.3 

4-9 

8.5 

6-9 

BS 

6.5 

5-8 

8.7 

7-10 

CS 

7.7 

5-11 

7.5 

5-9 

AD 

5.0 

3-6 

6.5 

5-8 

BD 

5.0 

4-6 

6.5 

5-8 

CD 

5.0 

3-6 

6.0 

5-7 

found  that  those  taxa  falling  into  categories  I  and  II  were  also  the  ones 
which  most  consistently  affected  the  community  structure. 

The  identification  of  all  individuals  to  species  was  not  possible. 
However,  some  individuals  of  Dero  were  identified  as  Dero  digitata 
Muller,  some  individuals  of  Limnodrilus  were  identified  as  Limnodri- 
lus  hoffmeisteri  Claparede  and  some  individuals  of  Chaohorus  were 
identified  as  Chaoborus  punctipennis  Say. 

Deep  Station 

A  total  of  15  taxa  were  collected  at  deep  stations;  9  of  these  were 
present  at  all  deep  stations.  The  total  number  of  taxa  collected  from 
each  of  the  deep  stations  were  12  at  AD,  12  at  BD  and  1 1  at  CD. 

The  mean  number  of  taxa  during  the  first  collecting  period  was 
lower  than  the  mean  number  for  the  second  collecting  period  (Table  3), 
while  the  mean  number  of  organisms/m2  decreased  by  23%  at  AD,  26% 
at  BD  and  52%  at  CD.  The  changes  in  taxa  contained  in  categories  I 
and  II  at  AD  and  CD  (Table  4)  resulted  in  a  more  even  distribution  of 
organisms  among  the  taxa  during  the  second  collecting  period. 
Changes  in  these  same  taxa  at  CD  did  not  result  in  a  more  even  distri¬ 
bution. 

Coelotanypus  and  Ceratopogonidae  were  the  only  taxa  found  exclu¬ 
sively  at  the  deep  stations.  Polypedilum  was  collected  only  during  the 
first  collecting  period  while  Glyptotendipes,  Caenis  and  Nematoda 
were  collected  only  during  the  second  collecting  period.  The  taxa  Poly¬ 
pedilum  and  Caenis  were  each  represented  at  the  deep  stations  by  one 
specimen  found  at  station  CD  and  BD  respectively. 

Shallow  Station 

A  total  of  19  taxa  were  collected  at  shallow  stations;  10  of  these  were 
present  at  all  shallow  stations.  The  total  number  of  taxa  collected  from 
each  of  the  shallow  stations  was  14  at  AS,  11  at  BS  and  18  at  CS.  A 
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TABLE  4 

A  comparison  of  the  number  of  organisms/m2  in  selected  taxa  collected  at  each  station 
during  the  first  collecting  period  and  during  the  second  collecting  period.  Those  taxa 
which  were  not  in  groups  I  and  II  (see  Table  2)  in  at  least  one  deep  station  were  not 
considered  in  deep  station  changes,  and  those  not  in  groups  I  or  II  in  at  least  one  shal¬ 
low  station  were  not  considered  in  shallow  station  changes. 


Change  in 

the  number  of  organisms 

/m2 

Taxa 

Increase>25% 

Decrease>25% 

Change<25% 

Limnodrilus 

AD 

BD 

CD 

AS 

BS  CS 

Tubifex 

AD 

BD 

CD 

AS 

BS 

CS 

Dero 

AD 

BD 

CD 

AS 

BS 

CS 

Chironomus 

AD 

BD 

CD 

AS 

BS 

CS 

Pseudochironomus 

AS 

CS 

BS 

Polypedilum 

BS 

AS 

CS 

Cryptoch  ironomus 

AD 

BS 

BD 

CD 

AS 

CS 

Procladius 

AD 

BD 

CD 

Chaoborus 

AD 

BD 

CD 

comparison  of  the  first  and  second  collecting  periods  showed  that  the 
mean  number  of  taxa  collected  at  AS  and  BS  was  lower  for  the  first 
collecting  period  than  for  the  second,  while  at  CS  the  mean  number  of 
taxa  collected  was  about  the  same  for  both  collecting  periods  (Table  3). 
The  mean  number  of  organisms/m2  decreased  9%  at  AS,  increased  less 
than  1%  at  BS  and  decreased  24%  at  CS  between  the  first  and  second 
collecting  periods.  Changes  in  taxa  contained  in  categories  I  and  II  at 
AS,  BS  and  CS  (Table  4)  indicated  no  change  in  distribution  of  orga¬ 
nisms  among  taxa. 

Parachironomus ,  Dicrotendipes  nervosus,  Dicrotendipes  modestus, 
fGoeldichironomus ,  Polycentropus  and  Hirudinea  were  collected  exclu¬ 
sively  at  the  shallow  stations  only  during  the  first  collecting  period. 
Nematoda  were  collected  only  during  the  second  collecting  period. 

Diversity  Indices 

In  most  cases  monthly  values  of  d  varied  inversely  with  r  values  at 
each  station.  According  to  Wilhm  (1967)  this  is  to  be  expected; 
although  in  14  out  of  72  monthly  samples,  r  values  varied  directly  with 
d  values.  The  direct  variation  is  due  to  the  interaction  of  the  two  varia¬ 
bles,  distribution  of  individuals  among  taxa  and  the  number  of  taxa.  A 
decrease  in  taxa  will  result  in  a  decrease  in  d  unless  at  the  same  time 
there  is  a  decrease  in  r  to  offset  the  effect  of  the  taxa  decrease.  Similarily 
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Figure  2.  The  means  and  ranges  of  all  d  values  for  benthic  macroinvertebrates  for  both 
collecting  periods  at  AD,  BD,  and  CD,  Calaveras  Lake. 


an  increase  in  taxa  can  be  offset  by  an  increase  in  r.  Both  of  these  situa¬ 
tions  will  result  in  a  direct  relationship  between  d  and  r. 

In  order  to  determine  the  effects  of  a  heated  effluent  on  the  benthic 
macroinvertebrate  community  structure,  an  F-test  was  used  to  compare 
diversity  data.  A  comparison  of  all  deep  station  d  values  in  each  collect¬ 
ing  period  showed  no  significant  differences  among  deep  stations  dur¬ 
ing  either  collecting  period,  the  shallow  stations  also  showed  the  same 
results  (Table  5).  A  comparison  of  all  d  values  for  the  first  collecting 
period  with  all  d  values  for  the  second  collecting  period  at  each  station 
showed  a  significant  difference  between  sampling  periods  at  AD,  at  AS, 
at  BD,  and  at  BS  but  not  at  CD  and  at  CS.  A  new  reservoir  should  con¬ 
tinue  to  be  colonized  by  benthic  macroinvertebrates  for  a  period  of  time 
after  being  filled  and  this  colonization  should  result  in  a  higher  aver¬ 
age  diversity  per  individual,  thus,  the  increases  at  AD  and  BD  were  as 
expected.  The  absence  of  similar  increases  at  CD  is  probably  the  result 
of  the  heated  effluent  suppressing  community  development  in  that 
area. 

Since  all  deep  stations  had  about  the  same  increase  in  mean  number 
of  taxa  between  the  two  collecting  periods  (Table  3),  the  addition  of 
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TABLE  5 

Comparison  of  d  values  for  benthic  macroinvertebrates  from  Calaveras  Lake  using 
ANOVA. 


Comparison 

F  cal 

1971-72  AD-BD-CD 

3.657 

1972-73  AD-BD-CD 

2.897 

(1971-72)  AD-(1972-73)  AD 

38.50* 

(1971-72)  BD-(1972-73)  BD 

15.99* 

(1971-72)  CD-(1972-73)  CD 

0.476 

1971-72  AS-BS-CS 

0.613 

1972-73  AS-BS-CS 

0.631 

(1971-72)  AS-(1972-73)  AS 

7.716* 

(1971-72)  BS-(1972-73)  BS 

7.678* 

(1971-72)  CS-(1972-73)  CS 

0.025 

Significant  at  0.05  level 


taxa  during  the  second  collecting  period  was  not  responsible  for  the 
increase  in  d  at  stations  AD  and  BD  (Fig.  2).  However,  as  was  pointed 
out  in  the  biological  section,  there  was  a  more  even  distribution  of 
organisms  among  taxa  at  AD  and  BD  during  the  second  collecting 
period,  mathematically  described  by  r  (Fig.  3).  Mean  redundancy  (r) 
decreased  between  collecting  periods  at  AD  and  BD  and  greater  values 
of  d  were  observed,  indicating  a  more  even  distribution. 


Figure  3.  The  means  and  ranges  for  all  r  values  for  benthic  macroinvertebrates  for  both 
collecting  periods  at  AD,  BD,  and  CD,  Calaveras  Lake. 
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Figure  4.  The  means  and  ranges  for  all  d  values  for  benthic  macroinvertebrates  for  both 
collecting  periods  at  AS,  BS,  and  CS,  Calaveras  Lake. 


Figure  5.  The  means  and  ranges  for  all  r  values  for  benthic  macroinvertebrates  for  both 
collecting  periods  at  AS,  BS,  and  CS,  Calaveras  Lake. 
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The  increase  in  d  (Fig.  4)  at  the  shallow  stations  was  not  due  to 
changes  in  r  (Fig.  5),  as  evidenced  at  the  deep  stations,  but  was  due  to 
the  increase  in  the  number  of  taxa  collected  (Table  3). 

Patterns  in  the  development  of  the  macrobenthic  community  of  Cal¬ 
averas  Lake  are  typical  of  those  found  in  other  reservoirs  (Armitage, 
1977).  However  more  long  term  studies  are  needed  to  determine  if  the 
thermal  enrichment  will  result  in  a  significant  change  in  the  macro¬ 
benthic  community. 
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ABSTRACT 

Vertical  profiles  of  chlorophyll  a  in  Postoak  Lake,  Brazos  County,  Texas,  were  evalu¬ 
ated  for  three  24-hr  periods  in  June  and  July,  1975.  A  consistent  diel  pattern  occurred 
during  the  June  sampling  periods.  The  greatest  concentration  of  chlorophyll  a  was  found 
in  the  surface  waters  in  the  mornings  and  at  greater  depths  later  in  the  day.  This  pattern 
was  shown  to  correspond  to  the  vertical  movements  of  the  chloromonad,  Gonyostomum 
semen.  Vertical  migration  of  phytoplankton,  though  not  common,  will  cause  significant 
errors  in  the  interpretation  of  chlorophyll  and  population  dynamics  data  if  not  detected 
and  allowed  for  in  the  experimental  design. 


INTRODUCTION 

Studies  of  phytoplankton  ecology  have  demonstrated  that  vertical 
patchiness  of  chlorophyll  significantly  affects  daily  and  longer-term 
measurements  of  primary  productivity  (Lorenzen,  1963;  Glooschenko  et 
ah,  1972;  Fee,  1976).  Although  short-term  variations  of  chlorophyll 
concentration  have  been  shown  to  be  related  to  changes  in  the  physio¬ 
logical  state  of  phytoplankton  (Doty  and  Oguri,  1957;  Yentch  and 
Ryther,  1957;  Shimada  1958),  additional  evidence  indicates  that  motility 
and  buoyancy  regulation  are  mechanisms  by  which  some  species  of 
phytoplankton  control  their  position  and  thus  create  spatial  patchiness 
of  chlorophyll.  The  occurrence  of  vertical  migrations  of  marine  and 
freshwater  dinoflagellates,  and  some  nonflagellated  species  of  green  and 
blue-green  algae  which  regulate  buoyancy,  is  well  documented  (Hasle, 
1950;  Tailing,  1957,  1971;  Eppley  et  ah,  1968;  Foward  and  Davenport, 
1970;  Berman  and  Rodhe,  1971;  Tilzer,  1973;  Titman  and  Kilham, 
1976).  Few  studies,  however,  have  evaluated  the  impact  of  diel  migra- 
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tion  patterns  on  total  phytoplankton  biomass  or  chlorophyll  concentra¬ 
tion.  This  paper  will  show  that  pronounced  diel  variations  in  vertical 
profiles  of  community  chlorophyll  a  can  occur  due  to  migration  pat¬ 
terns  of  a  single  phytoplankton  species.  Relationships  between  chloro¬ 
phyll  a,  cell  number,  phytoplankton  volume,  and  community  composi¬ 
tion  are  evaluated  for  three  24-hr  periods,  and  implications  concerning 
sampling  design  and  interpretation  of  chlorophyll  data  are  presented. 

STUDY  AREA  AND  METHODS 

Postoak  Lake  is  a  0.8-ha  impoundment  in  Brazos  County,  Texas, 
constructed  in  1963.  Maximum  depth  is  3.2  m,  average  depth  is  1.7  m, 
and  the  lake  is  normally  stratified  between  March  and  September.  Phy¬ 
sicochemical  conditions  of  the  lake  have  been  described  by  Respess  et 
al.  (1972). 

Diel  variations  of  vertical  chlorophyll  a  profiles  were  evaluated  for  2 
days  in  June  and  1  day  in  July,  1975,  by  estimating  chlorophyll  a  con¬ 
centrations  at  0.5-m  depth  increments  from  the  surface  to  3.0  m. 
Determinations  were  made  at  3-hr  intervals  beginning  and  ending  at 
0900  CDT. 

Water  samples  were  collected  with  a  2.0-1  plexiglass  Kemmerer 
sampler  and  subsampled  for  chlorophyll  and  cell-count  analysis.  Sub¬ 
samples  of  50  to  250  ml  were  vacuum  filtered  through  3.0  /um,  47  mm 
dia.,  Millipore  Ha  filters.  (Previous  studies  had  shown  that  there  was 
no  significant  loss  of  organisms  with  the  3.0  jum  filter).  High  phyto¬ 
plankton  densities  necessitated  low  filteration  volumes  due  to  clogging 
of  the  filters.  Filters  were  frozen  over  a  dessicant,  stored  up  to  30  days, 
and  extracted  in  90%  aqueous  acetone  for  24  hrs.  Optical  densities  were 
measured  at  630,  645,  665,  and  750  nm  on  a  Beckman  DBG  spectropho¬ 
tometer,  and  the  trichromatic  equations  of  Parsons  and  Strickland 
(1963)  were  used  to  calculate  chlorophyll  a  concentrations.  The  pres¬ 
ence  of  pheophytins  was  also  analyzed  by  acidification;  however,  no 
temporal  or  vertical  variations  in  the  proportion  of  pheophytin  were 
observed,  and  the  results  presented  are  uncorrected  for  degradation  pro¬ 
ducts. 

Samples  for  phytoplankton  enumeration  were  concentrated  50-fold 
by  centrifugation  through  a  Foerst  continous-flow  centrifuge.  Concen¬ 
trations  were  preserved  with  Lugol’s  modified  iodine  solution  and 
enumerated  at  a  later  date.  Identification  of  all  phytoplankton  to 
generic  or  specific  levels  was  not  attempted,  rather,  categories  or  mor¬ 
phologically  similar  organisms  were  used  as  the  basis  for  enumeration 
(Table  1). 

Samples  were  not  enumerated  for  all  periods  encompassed  in  the 
diurnal  chlorophyll  studies.  Counts  were  made  for  0900  hrs.  June  4; 
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TABLE  1 

Categories  used  for  enumerating  Postoak  Lake  phytoplankton,  and  their  estimated  unit 

volumes. 


Category 

Estimated 

volume 

(Mm3) 

Estimated 

Category  volume 

(Mm3) 

Chlorophyta 

Chloromonadophyta 

Kirchneriella  spp. 

41 

Gonyostomum  semen 

19635 

Kirchneriella  spp.  (colonial) 

12200 

Ophiocytium  spp. 

226** 

Chrysophyta 

AnkistrocLesmus  spp. 

220 

Synura  spp. 

5750* 

Pediastrum  spp. 

5400 

Mallomonas  spp. 

810 

Scenedesmus  spp.  (4-cell) 

580 

Scenedesmus  spp.  (2-cell) 

270* 

Pyrrhophyta 

Crucigenia  spp. 

420* 

Ceratium  spp. 

100000 

Tetraedron  spp. 

2740* 

Gonyaulax  spp. 

18000* 

Coelastrum  spp. 

3050* 

Franceia  spp. 

540* 

Cyanophyta 

coccoid  green  (small) 

74 

Lyngbya  spp.  (small) 

34 

coccoid  green  (large) 

1150 

Lyngbya  spp.  (large) 

138 

unident,  a 

870* 

Oscillatoria  spp. 

209 

unident,  b 

9200* 

Anabaena  spp. 

552 

unident,  c 

31060* 

Merismopedia  spp. 

214 

unident,  d 

24430* 

unident,  coccoid 

180 

Staurastrum  spp. 

440* 

Cosmarium  spp.  (small) 

74 

Bacillariophyta 

Cosmanum  spp.  (medium) 

290 

Melosira  spp. 

2835 

Cosmarium  spp.  (large) 

4290 

unident,  a  (long  single-cell) 

1035 

Euastrum  spp. 

1665 

unident,  b  (medium  single-cell) 

100 

Closterium  spp.  (small) 

104* 

unident,  c  (short  single-cell) 

138 

Closterium  spp.  (medium) 

120* 

unident,  filament  (small) 

70000* 

Closterium  spp.  (large) 

1105* 

unident,  filament  (large) 

19000* 

Desmidium  spp. 

390* 

Euglenophyta 

Euglena  spp.  (small) 

223* 

Euglena  spp.  (large) 

5500 

Trachelomonas  spp. 

4190 

Phacus  spp. 

2640 

^indicates  that  these  organisms 

never  compromised  more  than  5%,  by  number, 

of  any 

sample. 


0900,  1500,  1800,  2100,  2400  hrs.  June  11;  0900  hrs.  June  12;  0900,  2400 
hrs.  July  9;  and  0900  hrs.  July  10.  Supplemental  chlorophyll  and  enu¬ 
meration  data  were  available  for  0900  hrs.  May  29,  2100  hrs.  June  12, 
and  0900  hrs.  June  22. 

For  all  phytoplankton  except  Gonystomum  semen  the  procedure 
involved  the  following:  (1)  estimating  %  composition  by  scoring  200 
randomly  selected  units  (filaments  and  colonies  were  scored  as  one 
unit);  (2)  counting  the  most  abundant  unicell  in  a  haemacytometer  (the 
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unicell  used  was  very  small,  and  there  would  be  no  counting  bias 
involved  in  using  the  haemacytometer,  precision  was  set  by  counting 
haemacytometer  fields  until  50  units  had  been  seen);  and  (3)  calculating 
quantitative  estimates  for  the  categories  according  to  the  relative  abun¬ 
dance  determined  in  the  first  step. 

The  large  chloromonad,  Gonyostomum  semen  presented  enumera¬ 
tion  difficulties.  Although  large  in  volume,  it  was  not  present  in  large 
numbers,  compared  to  the  other  phytoplankton,  and  thus  was  not 
represented  in  the  %  composition  estimates.  Since,  because  of  its  large 
size,  it  played  such  a  critical  role  in  the  pigment  distribution,  we  made 
a  separate  estimate  of  its  abundance  using  the  Lackey  drop  count 
method,  in  which  a  drop  of  known  volume  is  placed  on  a  slide  under  a 
coverslip  of  known  area,  and  transects  of  known  area  are  counted 
entirely  across  the  coverslip. 

Centrifugation  fractured  the  G.  semen  cells,  although  there  is  no  evi¬ 
dence  that  it  affected  any  of  the  other  phytoplankton.  The  cell  contents 
remained  in  a  coherent  mass  however,  which  made  enumeration  possi¬ 
ble.  Identification  was  made  on  cells  collected  qualitatively  with  a 
plankton  net. 

Average  individual  volumes  for  each  enumeration  category  were  cal¬ 
culated  from  dimensions  measured  with  an  ocular  micrometer.  Total 
volume  for  each  group  and  sample  was  calculated  by  multiplying  den¬ 
sity  by  individual  cell  volume  (Table  1).  Cell  dimensions  for  volume 
estimates  of  G.  semen  were  obtained  from  Prescott  (1962).  Individual 
cell,  colony,  or  filament  volumes  for  each  category  were  assumed  con¬ 
stant  throughout  the  study. 

Cell  counts  and  volume  data  for  each  sample  were  summarized  into  3 
categories:  (1)  G.  semen,  (2)  subtotal  of  categories  other  than  G.  semen, 
and  (3)  total.  Relationships  between  chlorophyll  a,  total  number  and 
volume,  subtotal  number  and  volume,  and  G.  semen  abundance  were 
evaluated  by  linear  correlation  analyses  for  all  enumerated  samples. 
Because  G.  semen  volume  was  a  constant  multiple  of  its  number,  linear 
relationships  would  be  equivalent  for  either  variable.  Consequently,  no 
further  distinction  is  made  between  the  two  variables  and  they  are 
mutually  referred  to  as  abundance. 

RESULTS 

Chlorophyll  a  profiles  showed  a  pronounced  and  consistent  diel 
pattern  during  the  June  4  and  11  sample  periods  (Fig.  1).  Maxima 
occurred  near  the  surface  at  0900,  gradually  shifted  downward  during 
the  day,  and  ascended  again  the  fo  lowing  morning.  Chlorophyll  a  pro¬ 
files  from  0900  hrs.  May  29,  2100  hrs.  June  12,  and  0900  hrs.  June  22 
were  similar  to  profiles  observed  at  identical  times  during  the  two  June 
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CHL  a  Vertical  Profiles 
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Figure  1.  Vertical  profiles  of  chlorophyll  a  in  Postoak  Lake,  Texas,  during  three  24-hr 
periods  in  June  and  July  1975. 


24-hr  series.  Chlorophyll  a  showed  no  changes  in  vertical  distribution 
on  July  9,  and  was  consistently  maximum  at  3.0  m.  During  all  sam¬ 
pling  periods,  the  depth  of  1%  light  penetration  did  not  exceed  1.0  m 
and  dissolved  oxygen  was  absent  below  1.5  m. 

Relationships  between  chlorophyll  a  concentration,  subtotal  phyto¬ 
plankton  volume,  and  G.  semen  abundance  were  plotted  to  illustrate 
biotic  factors  regulating  chlorophyll  distribution  (Fig.  2).  G.  semen  ver¬ 
tical  distribution  varied  according  to  the  time  of  day,  and  chlorophyll  a 
concentrations  were  more  closely  related  to  G.  semen  abundance  than 
to  volume  of  other  phytoplankton.  Correlations  between  chlorophyll  a 
concentration,  G.  semen  abundance,  subtotal  phytoplankton  number 
and  volume,  and  total  phytoplankton  number  and  volume  for  May- 
June  data  (n=69)  indicated  that  G.  semen  significantly  affected  total 
phytoplankton  volume  and  chlorophyll  concentration  (Table  2). 
Although  chlorophyll  a  was  positively  correlated  with  total  volume  (r 
=  0.57,  p  =  0.01),  it  was  negatively  correlated  with  total  phytoplankton 
number  (r  =  —0.34,  p  =  0.01).  This  occurred  because  G.  semen 
accounted  for  a  significant  proportion  of  variability  in  total  commun¬ 
ity  volume  (r  =  0.82,  p  =  0.01),  but  it  was  negatively  correlated  with 
other  phytoplankton  (r  =  —0.45,  p  =  0.01).  Phytoplankton  other  than 
G.  semen  apparently  did  not  migrate  vertically,  but  profiles  of  esti¬ 
mated  subtotal  phytoplankton  volume  were  highly  variable  during  the 
June  11-23  sample  period  (Fig.  2).  The  maximum  subtotal  volumes  for 
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Chlorophyll  a  mg/m3 


Figure  2.  Vertical  profiles  of  chlorophyll  a  and  volumes  [(/zm3/l)  4-  1 07 ]  of  G.  semen  and 
other  phytoplankton  in  Postoak  Lake,  Texas,  1975. 
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TABLE  2 

Summary  of  correlation  coefficients  between  several  measures  of  phytoplankton  abun¬ 
dance  in  Postoak  Lake,  May-June  1975  (n=69). 


Variable 

G.  semen 

abundance 

Subtotal 

number 

Subtotal 

volume 

Total 

number 

Total 

volume 

Chi  a 

0.70**3 

-0.45** 

— 0.06nsb 

-0.34** 

0.57** 

G.  semen  abundance 

— 

-0.45** 

-0.07ns 

— 0.28*c 

0.82** 

Subtotal  number 

— 

— 

0.53** 

0.98** 

—0.08ns 

Subtotal  volume 

— 

— 

— 

0.56** 

0.52** 

Total  number 

— 

— 

— 

— 

0.09ns 

Total  volume 

- 

— 

— 

— 

- 

a**  indicates  a  significant  correlation  (p<0.01) 
bns  indicates  a  nonsignificant  correlation  (p>0.05) 
c*  indicates  a  significant  correlation  (0.01<p<0.05) 


the  profiles  at  1500  and  1800  hrs.  on  June  11  and  for  2100  hrs.  on  June 
11  and  for  2100  hrs.  on  June  12  resulted  from  the  presence  of  Ceratium 
spp.  which  had  the  largest  individual  cell  volume  of  all  categories 
observed  (Table  1).  The  sporadic  appearance  of  Ceratium  spp.  in  the 
samples  may  indicate  a  clumped  distribution,  or  it  may  have  resulted 
from  enumeration  difficulties  associated  with  its  large  size. 

In  the  July  samples,  G.  semen  was  less  abundant  (Fig.  2),  and  corre¬ 
lations  (n=2I)  indicated  that  levels  of  total  phytoplankton  volume  and 
chlorophyll  a  were  no  longer  related  to  G.  semen  abundance  (Table  3). 
Vertical  migrations  of  G.  semen  or  other  components  of  the  phyto¬ 
plankton  community  were  not  detected  during  this  period  (Fig.  2),  and 
correlations  indicated  that  chlorophyll  a  concentration  was  not  signifi¬ 
cantly  related  to  any  other  measure  of  phytoplankton  abundance  (Table 
3). 


TABLE  3 

Summary  of  correlation  coefficients  between  several  measures  of  phytoplankton  abun¬ 
dance  in  Postoak  Lake  during  July  1975  (n=21). 


Variable 

G.  semen 

abundance 

Subtotal 

number 

Subtotal 

volme 

Total 

number 

Total 

volume 

Chi  a 

0.23nsa 

0.30ns 

0.21ns 

0.30ns 

0.25ns 

G.  semen  abundance 

— 

-0.23ns 

0. 10ns 

-0.21ns 

0.30ns 

Subtotal  number 

— 

— 

0.55*b 

0,99**c 

0.48** 

Subtotal  volume 

— 

— 

— 

0.55** 

0.98** 

Total  number 

— 

— 

— 

— 

0.49* 

Total  volume 

— 

— 

— 

— 

— 

ans  indicates  a  nonsignificant  correlation  (p>0.05) 
b*  indicates  a  significant  correlation  (0.01<p<0.05) 
C**indicates  a  significant  correlation  (p<0.01) 
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DISCUSSION 

When  the  flagellated  chloromonad,  G.  semen,  constituted  a  large 
proportion  of  total  phytoplankton  volume,  chlorophyll  a  vertical  pro¬ 
files  showed  maxima  near  the  surface  during  early  morning  that  des¬ 
cended  to  the  lake  bottom  during  the  course  of  the  day.  Drouet  and 
Cohen  (1935)  concluded  that  G.  semen  underwent  diel  migration  to 
avoid  high  light  intensity,  but  they  cited  Lemmerman  (1910)  as  describ¬ 
ing  G.  semen  as  photophilic.  No  other  published  studies  of  G.  semen 
ecology  or  behavior  were  located,  and  no  references  reporting  its  occur¬ 
rence  in  Texas  are  known.  Smith  (1950),  Prescott  (1962,  1968),  and 
Drouet  and  Cohen  (1935)  reported  that  G.  semen  was  rare  and  found 
only  in  acid  or  bog  lakes  with  low  pH.  Previous  phytoplankton  studies 
of  Postoak  Lake  (Wood,  1969;  Huq,  1970;  Clements,  unpublished  data) 
did  not  report  the  occurrence  of  G.  semen. 

Although  cause-effect  mechanisms  of  the  migration  observed  in  this 
study  were  not  examined  in  detail,  the  movement  patterns  apparently 
were  a  phototactic  reponse.  Evidence  suggests  that  G.  semen  preferred 
the  intermediate  incident  light  levels  present  near  the  surface  at  0900 
hrs.;  however,  questions  regarding  why  the  organisms  did  not  rise  in 
response  to  declining  illumination  in  the  afternoon  remain  unan¬ 
swered. 

Results  indicate  that  severe  errors  in  using  chlorophyll  measurements 
as  an  index  of  total  phytoplankton  abundance  can  occur  when  diurnal 
migrations  and  community  composition  are  ignored.  When  the  chlo¬ 
romonad  G.  semen  was  abundant,  chlorophyll  a  was  positively  related 
to  phytoplankton  volume  but  was  negatively  related  to  total  phyto¬ 
plankton  number.  Chlorophyll  a  values  were  related  only  to  G.  semen 
abundance,  and  in  the  absence  of  enumeration  data,  improper  inference 
regarding  the  remainder  of  the  community  would  have  resulted.  When 
the  G.  semen  was  not  abundant,  chlorophyll  a  measurements  were  not 
significantly  related  to  any  other  measure  of  phytoplankton  abundance. 

The  occurrence  of  diel  migrations  of  motile  phytoplankton  should  be 
evaluated  when  studying  daily  or  longer-term  variations  of  total  phyto¬ 
plankton  abundance.  Phytoplankton  samples  collected  from  different 
stages  in  a  diel  migration  cycle  could  lead  to  improper  conclusions 
regarding  temporal  variations  in  the  entire  community  or  its  compo¬ 
nents. 
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ABSTRACT 

We  describe  the  design  and  VLSI  implementation  of  a  status  register  for  a  push-down 
stack.  We  assume  a  stack  size  of  32  words  requiring  a  corresponding  6  bit  status  register. 
However,  the  design  is  easily  extended  to  allow  any  power-of-two  size  stack  by  adding 
additional  bits,  each  of  which  doubles  the  effective  stack  size.  Our  design  revolves  about 
the  use  of  finite  state  machines  (FSM)— one  per  register  bit.  At  any  point  in  time,  the 
register  contains  a  count  of  the  number  of  words  currently  on  the  stack.  Two  control  bits 
signal  the  counter  to  increment  (when  a  PUSH  signal  is  received),  to  decrement  (when  a 
POP  signal  is  received),  to  clear  (when  an  INIT  signal  is  received),  or  to  circulate  in 
place  (when  a  NOP  signal  is  received).  The  arrangement  of  the  counter  bits  relative  to 
the  stack  size  allows  the  high  order  bit  of  the  counter  to  be  used  as  an  error  flag  to  indi¬ 
cate  Stack  Full  (SF). 

The  counter  is  organized  as  a  ripple  incrementer/decrementer  with  the  increment/de¬ 
crement  signals  fed  from  a  preprocessor  to  the  low-order  bit  of  the  counter.  These  signals 
propagate  through  the  counter  in  successive  0- 1/0-2  clock  cycles  until  the  SE  and  SF 
flags  are  set  or  cleared  as  necessary.  Input  pads  are  provided  for  Vdd,  Gnd,  0-1,  0-2,  and 
the  two  increment/decrement  signals.  Output  pads  are  provided  for  the  six  counter  bits 
and  for  the  SE  flag  and  the  increment/decrement  bits  that  propagate  out  of  the  high 
order  bit  of  the  counter.  In  addition,  a  clock  bar  input  pad  (generates  two  phase,  non¬ 
overlapping,  inverse  clocks  from  a  single  phase  TTL-compatible  clock)  is  connected,  via 
inverters,  to  two  adjacent  output  pads.  This  allows  the  on-board-generated  two  phase 
clock  to  be  jumpered  from  its  output  pads  to  the  corresponding  clock  input  pads  to 
allow  operation  of  the  counter  if  only  a  single  phase  clock  is  available. 

INTRODUCTION 

The  objective  of  this  project  is  the  implementation  of  a  special- 
purpose  status  register  for  a  push-down  stack.  The  design  is  neither 
minimal  in  size  from  a  VLSI  standpoint  nor  optimal  as  regards  pro¬ 
cessing  speed.  The  significance  of  the  project  lies  in  its  use  as  a  peda¬ 
gogic  tool  in  a  course  in  computer  organization  and  design.  The  entire 
project,  from  initial  design  to  fabricated  chip  mounted  on  a  demonstra¬ 
tion  board,  is  intended  for  classroom  demonstration  of  the  precise  steps 
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TABLE  1 

Counter  control  variables 


Carry-In 

C-in 

Borrow -In 

Bin 

Function 

0 

0 

NOP — Hold  Current  Value 

0 

1 

Decrement — Subtract  1 

1 

0 

Increment — Add  1 

1 

1 

INIT — Clear  Counter 

required  in  VLSI  design.  Such  use  is  particularly  instructive  when 
those  steps  are  compared  to  traditional  architectural  design  processes. 

This  register  contains  a  six-bit  counter  to  hold  values  from  0  to  32. 
(This  implementation  assumes  a  32-word  stack;  each  additional  bit 
added  to  the  status  register  doubles  the  stack  size  that  can  be  accommo¬ 
dated.)  The  high  order  bit  of  this  counter  also  serves  as  a  flag  to  indi¬ 
cate  stack  full  (SF).  That  is,  when  a  32nd  word  is  pushed  onto  the 
stack,  the  counter  is  incremented  by  one  (to  100000  binary)  thus  setting 
the  high  order  (SF)  bit.  Another  flag  (SE)  is  set  when  the  counter  con¬ 
tains  all  zeros  to  indicate  stack  empty;  SE  is  cleared  otherwise.  SF  and 
SE  can  also  be  used  as  error  flags  to  inhibit  the  execution  of  additional 
PUSH  or  POP  commands  when  the  stack  is  full  or  empty,  respectively. 

LOGIC 

Input  to  the  status  register  (to  the  pre-processor)  consists  of  two 
externally  generated  signals  called  Carry-in  (C-in)  and  Borrow-in  (B-in) 
and  two  internally  generated  signals  called  Stack  Full  (SF)  and  Stack 
Empty  (SE).  C-in  and  B-in  are  coded  as  shown  in  Table  1  to  control 
the  nop/init/increment/decrement  functions.  The  other  two  bits  are 
used  to  inhibit  incrementing  the  counter  when  the  stack  is  full  (SF)  or 
decrementing  when  the  stack  is  empty  (SE). 

Within  the  counter  itself,  there  are  three  input  bits  to  each  FSM:  C-in 
and  B-in,  which  have  the  same  functions  explained  above;  and  SE, 
which  ripples  through  the  counter  to  indicate,  at  the  high  order  bit, 
whether  the  stack  is  empty  or  not. 

All  three  counter  bit  inputs  originate  as  outputs  of  the  preceding 
counter  bit  (or  the  pre-processor,  in  the  case  of  Bit  O). 

IMPLEMENTATION 

The  implementation  of  the  counter  consists  of  a  sequence  of  six 
FSMs  (Hamacher,  et  al,  1978,  Appendix  A12),  each  representing  one  bit 
of  the  counter.  The  truth  table  for  each  FSM  is  shown  in  Table  2. 

Note:  SE  is  carried  through  each  bit  position.  At  each  stage,  if  all 
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TABLE  2 

Counter  bit  FSM  logic 


C-in 

Bin 

SE-in 

Current 

State 

Next 

State 

SE-out 

B-out 

C-out 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

1 

0 

1 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

previous  bits  are  zero,  then  SE-in  will  equal  1.  If  the  Bit  value  pro¬ 
duced  by  the  present  stage  is  zero,  then  SE-out  will  be  set.  When  C-in 
gj  B-in  =  1  (INIT),  then  SE-out  will  be  set  regardless  of  the  value  of 
SE-in. 

The  Karnaugh  map  reduction  of  the  preceding  truth  table  results  in 

Bit  =  C’B’  Bit  +  C  B  Bit’  +  CB’  Bit’ 

SE-out  =  C’  B’  SE  Bit’  +  B  SE  Bit  +  C  B  +  C  SE  Bit 
B-out  =  C’  B  Bit’  +  C  B 
C-out  =  C  Bit  +  C  B 

where  the  terms  on  the  right-hand-side  in  the  preceding  equations  are 
all  FSM  input  variables.  Note  that  the  right  hand  side  of  the  expression 
for  B-out  has  not  been  minimized.  That  is,  we  could  write 

TABLE  3 

Encoded  transition  table  for  counter  bit  FSM 


C-in 

Bin 

SE-in 

Bit 

Bit 

SE-out 

B-out 

C-out 

C’  B’  Bit 

0 

0 

X 

1 

1 

0 

0 

0 

C’  B’  SE’  Bit’ 

0 

0 

1 

0 

0 

1 

0 

0 

C’  B  Bit 

0 

1 

X 

0 

1 

0 

1 

0 

C  B’  Bit’ 

1 

0 

X 

0 

1 

0 

0 

0 

CB 

1 

1 

X 

X 

0 

1 

1 

1 

B  SE  Bit 

X 

1 

1 

1 

0 

1 

0 

0 

C  SE  Bit 

1 

X 

1 

1 

0 

1 

0 

0 

C  Bit 

1 

X 

X 

1 

0 

0 

0 

1 
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C  B  SE  SE  B  C 

in  out 

Figure  1.  FSM  block  diagram  for  one  counter  bit 


B-out  =  B  Bit’  +  C  B 

However,  the  FSM  itself  is  minimized  because  the  expressions  for  Bit 
and  SE-out  already  include  C’  B  Bit’  and  C  B  terms.  Minimizing  B-out 
would  enlarge  the  FSM  through  the  addition  of  a  B  Bit’  term.  The 
encoded  transition  table  for  each  FSM  of  the  counter  is  shown  in  Table 
3.  At  this  point,  the  transition  table  leads  directly  to  the  construction  of 
a  FSM  which  is  the  hardware  realization  of  the  logic  developed  above. 

The  block  diagram  for  one  bit  of  the  six-bit  counter  is  shown  in 
Figure  1. 


INPUT  LATCHING 

Input  latching  and  PUSH/POP  inhibit  are  accomplished  via  an 
FSM  preprocessor  programmed  to  perform  the  logic  functions  shown 
in  Table  4.  The  inputs  to  the  preprocessor  are,  from  left  to  right,  C-in, 
B-in,  SE,  SF,  and  the  state  bit.  The  outputs  are,  from  left  to  right,  the 
state  bit,  SE-out,  B-out  and  C-out.  The  state  bit  in  the  pre-processor  is 
used  to  latch  C-in  and  B-in.  That  is,  whenever  C-in  or  B-in  (or  both) 
go  high,  the  state  bit  goes  high  and  stays  high  until  both  C-in  and  B-in 
drop  low.  This  prevents  a  single  input  pulse,  which  might  be  main- 
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TABLE  4 
Pre- processor 


C-in 

B-in 

SE-in 

SF-in 

Current 

State 

Next 

State 

SE-out 

B-out 

C-out 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

1 

1 

1 

0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

1 

1 

0 

0 

1 

0 

0 

1 

1 

1 

0 

0 

0 

1 

0 
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1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

tained  through  several  successive  </>-l/</>-2  clock  cycles,  from  triggering 
several  increment  or  decrement  operations.  When  the  state  bit  goes  low, 
then  additional  PUSH/POP  operations  may  be  initiated. 

The  Karnaugh  reduction  of  Table  4  produces  the  following  logic 
functions: 

State  =  C  +  B 

SE-out  =  1 

B-out  =  B  SE’  State’  +  C  B  State’ 

C-out  =  C  SF’  State’  +  C  B  State’ 
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C  B  SE  SF  SE  B  C 

in  out 

Figure  2.  FSM  block  diagram  for  pre-processor 


which  results  in  the  same  type  of  encoded  transition  (FSM)  table  shown 
in  Table  3  for  the  counter  bit  FSMs. 

The  functions  performed  by  this  FSM  are: 

1.  Inhibit  an  increment  when  the  stack  is  full. 

2.  Inhibit  a  decrement  when  the  stack  is  empty. 

3.  Latch  increment/decrement/init  signals  so  that  a  signal  is  exe¬ 
cuted  only  one  time  no  matter  how  long  the  signal  is  raised. 

The  block  diagram  for  the  pre-processor  is  shown  in  Figure  2. 

Stick  diagrams  were  not  prepared  because  the  FSMs  were  computer- 
rather  than  hand-generated.  Stick  diagrams  for  the  AND  and  OR 
planes  in  the  block  diagrams  of  Figures  1  and  2  may  be  produced  as 
explained  in  Mead,  et  al.  (1980),  pp.  29-81.  The  block  diagram  for  the 
entire  register  is  shown  in  Figure  3. 

PHYSICAL  LAYOUT 

Figure  4  shows  the  entire  chip  area  including  the  register,  the  selec¬ 
tion  and  placement  of  various  I/O  pads  (Hon  and  Sequin,  1980),  and 
all  interconnections.  This  figure  also  shows  the  inclusion  of  the  clock 
bar  whose  $-1  and  0-2  outputs  (via  inverters,  since  the  clock  bar  gener- 
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Counter  Output 

F  igure  3.  Block  diagram  for  status  register.  (Counter  consists  of  six  instances  of  the  FSM 
shown  in  Figure  1.) 


ates  inverse  clocks)  are  connected  to  two  adjacent  output  pads.  This 
does  not  affect  the  normal  usage  of  the  two  clock  input  pads  if  a  two- 
phase  non-overlapping  clock  source  is  externally  available.  However,  if 
it  is  inconvenient  to  provide  a  two-phase  non-overlapping  clock  source, 
the  clock  bar  output  pads  can  be  jumpered  to  the  clock  input  pads.  In 
effect,  we  have  an  on-board  two-phase  non-overlapping  clock  which 
can  be  used  or  ignored  as  desired.  The  total  area  consumed  by  the  reg¬ 
ister  is  2930  jum  wide  by  1325  jum  high,  or  approximately  3.88  square 
jam. 


TECHNOLOGY 

The  technology  chosen  (for  reasons  of  cost,  convenience  and  accessi¬ 
bility)  for  fabrication  of  this  design  is  n-mos  with  approximately  5/im 
feature  size.  That  is,  the  minimum  width  lines  (diffusion  and  polysi¬ 
licon)  are  5/um  wide  while  the  metal  lines  (Vdd  and  Gnd)  are  10-20/xm 
wide. 

The  design  rules  used  for  the  implementation  of  this  register  are 
those  out-lined  in  Mead  and  Conway  (1980).  This  design  methodology 
allows  a  thorough  testing  of  a  VLSI  design  prior  to  fabrication.  The 
testing  process  occurs  in  four  distinct  steps.  First,  the  design  is  plotted 
using  a  color  plot  system  so  that  obvious  errors  can  be  detected  visu¬ 
ally.  Second,  the  GIF  (California  Intermediate  Form)  description  of  the 
design  is  given  as  input  to  a  design  rule  checker  (drc)  which  verifies 
adherence  to  rules  such  as  minimum  line  separation,  proper  contact 
cuts,  etc.  Third,  the  GIF  file  is  given  as  input  to  a  simulator  which 
checks  electrical  properties  of  the  design  and  which  simulates  the  logic 
itself.  At  this  point,  we  provide  various  combinations  of  input  signals 
to  the  simulator  to  verify  that  appropriate  output  signals  are  generated. 
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After  passing  these  three  testing  steps,  the  design  is  fabricated.  The 
fourth  and  final  step  consists  of  connecting  the  fabricated  chip  to  a 
power  supply  and  to  a  clock,  attaching  switches  and  led’s  for  input  and 
output,  and  physically  testing  the  circuit. 
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NOTES  SECTION 


EAST  TEXAS  POPULATIONS  OF  PROSOPIS  (LEGUMINOSAE). — Elray  S. 
Nixon,  Department  of  Biology,  Stephen  F.  Austin  State  University,  Nacogdoches,  TX 
75962  and  Louis  H.  Bragg,  Department  of  Biology,  The  University  of  Texas  at  Arling¬ 
ton,  Arlington,  TX  76019. 

When  Benson  (Arner.  J.  Bot.  28:748,  1941)  presented  a  distribution  map  of  the  mes- 
quites  of  the  United  States,  he  indicated  the  easternmost  distribution  of  Prosopis  juliflora 
var.  glandulosa  (Ton.)  Cockerell  to  be  in  east  Texas  and  northwestern  Louisiana.  This 
taxon,  presently  treated  as  Prosopis  glandulosa  Torr.  var.  glandulosa  in  Texas  by  Correll 
and  Johnston  (Texas  Res.  Found.,  Renner,  Texas,  1970)  evidently  was  not  adequately 
documented  in  reference  to  its  east  Texas  distribution.  Bogusch  (Texas  J.  Sci.  3:554, 
1951),  through  personal  communication  with  B.  C.  Tharp  learned  that  mesquite  had 
spread  eastward  to  Angelina  County.  Presently,  to  our  knowledge,  only  one  mesquite  tree 
occurs  in  Angelina  County  about  4  mi  southeast  of  Huntington  on  Highway  63  (Nixon, 
8334  ASTC).  According  to  local  residents,  a  fairly  large  population  occurred  on  this  site 
in  the  past.  Two  additional  east  Texas  populations  of  P.  glandulosa  var.  glandulosa  were 
found  in  1976  by  E.  S.  Nixon  and  P.  W.  Cox  in  San  Augustine  and  Shelby  counties. 
Each  contains  25-50  trees  ranging  from  less  than  1  m  to  5  m  in  height.  Local  residents 
indicate  that  both  populations  have  existed  for  well  over  100  years.  The  San  Augustine 
County  population  (Nixon,  10669  ASTC)  is  within  the  floodplain  of  the  Attoyac  River 
just  north  of  its  junction  with  State  Hwy  21.  The  population  in  Shelby  County  (Nixon, 
7404  ASTC)  is  within  the  floodplain  of  Flat  Fork  Creek  near  its  junction  with  State  Hwy 
96. 


TABLE  I 

Percentage  of  Occurrence  of  Flavonoids  in 
Prosopis  glandulosa  Populations 


Rf  value  Populations 

Flavonoid  TBA  HOAc  Central  Texas  East  Texas 
compound  (24  plants)  (11  plants) 


Flavonoid 

number 

% 

% 

Apigenin 

1 

0.80 

0.07 

58 

37 

Luteolin 

2 

0.67 

0.05 

92 

100 

Apigenin  6,  8-di-C-glycoside 

3 

0.29 

0.62 

100 

100 

Apigenin  6,  8-di-C-glycoside 

4 

0.28 

0.54 

100 

100 

Chrysoeriol  7-0-glucoside 

5 

0.46 

0.20 

100 

100 

Luteolin  7-0-glucoside 

6 

0.35 

0.17 

100 

100 

Kaempferol  3-0-methyl  ether 

7 

0.80 

0.08 

71 

82 

Quercetin  3-0-methyl  ether 

8 

0.73 

0.08 

87 

91 

Isorhamnetin  3-0-glucoside 

9 

0.56 

0.48 

100 

100 

Isorhamnetin  3-0-rutinoside 

10 

0.59 

0.66 

100 

100 

Quercetin  3-0-rutinoside 

11 

0.51 

0.67 

100 

100 

13 

0.18 

0.77 

92 

100 

14 

0.14 

0.49 

8 

55 

16 

0.65 

0.70 

37 

18 

0.55 

0.37 

9 

22 

0.17 

0.44 

9 

23 

0.56 

0.68 

18 

24 

0.17 

0.65 

37 
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Because  environmental  factors  in  east  Texas  differ  sharply  from  those  in  central  Texas 
and  because  the  leaflets  of  the  east  Texas  plants,  in  general,  were  slightly  longer  and 
wider  than  the  leaflets  of  the  central  Texas  plants,  it  seemed  probable  that  the  disjunct 
east  Texas  populations  might  be  genetic  variants  of  the  central  Texas  populations.  This 
indicated  the  need  for  a  comparison  of  the  flavonoids  from  the  two  populations  inhabit¬ 
ing  east  and  central  Texas. 

Flavonoid  compounds  from  the  leaves  of  the  east  Texas  plants  were  examined  using 
paper  chromatography.  Plant  materials  were  extracted  and  chromatographed  as  described 
by  Mabry  et  al.  1970,  (The  Systematic  Identification  of  Flavonoids;  Springer,  Heidelberg). 
Rr  values  and  color  characterization  were  compared  with  plants  from  central  Texas  pre¬ 
viously  studied  by  Bragg  et  al.  (Biochemical  System,  and  Ecol.  6:113-116,  1978).  The 
major  compounds  (1-11)  were  similar  for  both  the  east  Texas  and  central  Texas  popula¬ 
tions  (Table  1).  The  flavonoids  included  aglycones,  monoglycosides,  diglycosides,  and  C- 
glycosides.  Some  of  the  east  Texas  plants  had  a  few  different  compounds  (16,18,22-24) 
which  were  present  in  low  concentration.  The  chromatographic  patterns  were  not  dis¬ 
tinctly  different  between  the  east  Texas  and  the  central  Texas  populations.  The  east 
Texas  mesquites,  therefore,  appear  to  be  extensions  of  the  genetic  pools  occurring  in  P. 
glandulosa  var.  glandulosa  and  are  not  different  enough  to  be  considered  unique  groups 
within  this  species. 

2-ALKYL-3-(4-PYRIDYL)-CINCHONINIC  ACIDS.  Eldon  H.  Sund,  Michael  J. 
McCredie  and  Robert  M.  Young,  Department  of  Chemistry,  Midwestern  State  University, 
Wichita  Falls,  TX  76308. 

Eight  2-alkyl-3-(4-pyridyl)-cinchoninic  acids  (2-alkyl-3-(4-pyridyl)-4-carboxy-quinolines) 
were  prepared  by  the  interaction  of  the  requisite  l-(4-pyridyl)-2-alkanone  with  isatin 
under  Pfitzinger  conditions  (W.  Pfitzinger,  1886,  J.  Prakt.  Chem.,  [2]  33:100)  as  modified 
by  Henze  and  Carroll  (H.  R.  Henze  and  D.  W.  Carroll,  1954,  J.  Amer.  Chem.  Soc., 
76:4580).  Table  1  lists  yield,  decomposition  temperature,  and  elemental  analyses  for  these 
2-alkyl-3-(4-pyridyl)-cinchoninic  acids. 

Experimental 

The  l-(4-pyridyl)-2-alkanones  were  synthesized  (J.  L.  Bond,  et  al  1973,  J.  Chem.  Eng. 
Data,  18:349),  while  the  remainder  of  the  reactants  were  obtained  commercially  and  used 
without  further  purification.  Elemental  analyses  were  performed  by  the  Huffman 
Microanalytical  Laboratories,  Wheatridge,  CO.  Melting  points  were  determined  on  a 
Thomas  Hoover  melting  point  apparatus  and  were  corrected.  Decomposition  was  noted 
at  the  melting  points.  Yields  shown  in  Table  I  represent  single  preparations  and  yields 
increased  as  experience  in  preparations  was  gained.  An  nmr  spectrum  was  obtained  for 
each  cinchoninic  acid  using  a  Perkin-Elmer  R-32  instrument.  The  samples  were  prepared 
in  trifluoroacetic  acid/deuterium  oxide  mixture  at  approximately  10%  concentration.  No 
anomalous  signals  were  detected.  The  position,  multiplicity  of  signal,  and  number  of 
protons  of  the  alkyl  moiety  are  also  shown  in  Table  I.  The  protons  in  the  aromatic  por¬ 
tion  of  the  spectra  were  not  intergraded  because  the  solvent  proton  peak  overlapped  these 
protons.  The  methyl  protons  of  2-methyl-3-(4-pyridyl)-cinchoninic  acid  were  not  inter¬ 
graded  but,  their  position  clearly  indicates  that  they  are  in  fact  methyl  protons  and  not 
methylene  protons.  The  following  example  illustrates  the  general  procedure  for  the  syn¬ 
thesis  of  the  2-alkyl-3-(4-pyridyl)-cinchoninic  acids. 

2-Pentyl-3-(4-pyridyl)-cinchoninic  acid.  A  mixture  of  3.65  g  (0.025  moles)  isatin,  5.0  g. 
(0.25  mole  +5%  excess)  of  l-(4-pyridyl)-2-heptanone,  and  12.5  ml  of  a  34%  KOH  in  a  50% 
ethanol-water  solution  and  20  ml  of  water  was  stirred  on  a  steam  bath  for  72  hrs.  The 
solvent  was  removed  by  a  water  aspirator  until  a  moist  paste  remained,  which  was  dis¬ 
solved  in  water,  and  the  solution  extracted  with  ether  to  remove  any  unreacted  ketones. 


TABLE  1 

2-Alkyl-3-(4-Pyridyl)-Cinchoninic  Acids 
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Addition  of  concentrated  HC1  to  pH  8.0  produced  a  small  amount  of  brownish  gray, 
noncombustible  matter,  which  was  discarded.  Further  addition  of  concentrated  HC1,  to 
pH  5.5,  resulted  in  the  formation  of  a  thick,  yellow-tan  precipitate  which  was  removed  by 
filtration.  The  crude  2-pentyl-3-(4-pyridyl)-cinchoninic  acid,  thus  obtained,  was  treated 
with  activated  charcoal  and  recrystallized  from  95%  ethyl  alcohol,  6.3  g  (80%  yield,  m.p. 
215-216  Dec  C). 

We  gratefully  acknowledge  financial  support  by  the  Robert  A.  Welch  Foundation 
(Grant  No.  AO-413). 

NOTES  ON  THE  DISTRIBUTION  OF  SOME  BIRDS  AND  MAMMALS  IN 
CENTRAL  TEXAS. — William  D.  Severinghaus  and  William  D.  Goran,  USA — CERL, 
Box  4005,  Champaign,  III.  61820. 

During  April  and  May,  1979,  baseline  ecological  studies  and  the  effects  of  tracked  vehi¬ 
cle  traffic  on  birds  and  mammals  in  Ft.  Hood,  Texas,  were  determined.  Ft.  Hood  is 
located  in  the  deciduous  forest-grassland  ecotone  containing  approximately  40%  grassland 
with  the  remaining  60%  being  woodland  and  scrub.  The  woody  vegetation  is  primarily 
Ashe  juniper,  live  oak,  and  Texas  oak  with  the  grasslands  being  primarily  tall  grass 
prairie  (Severinghaus,  Baran,  and  Riggins,  1980).  This  area  combined  with  the  close 
proximity  of  the  desert  scrub  to  the  southwest  provides  a  diverse  ecological  area  for  birds 
and  mammals. 

A  total  of  87  species  of  birds  were  observed  during  the  two  surveys  (Severinghaus,  et  al, 
1980;  and  Severinghaus  1981  of  which  37  were  not  previously  recorded  in  Coryell  and/or 
Bell  Counties  (Table  1).  Most  of  these  37  species  are  fairly  common  to  central  Texas  but 

TABLE  1 

New  Records  of  Bird  Species  From  Coryell  and  Bell  Counties,  Texas 


County  County 


Species 

C 

B 

S 

Species 

C 

B 

S 

Double-crested  cormorant 

6 

Barn  swallow 

4 

Blue-winged  teal 

1 

Purple  martin 

2 

Northern  shoveler 

1 

White-breasted  nuthatch 

2 

E 

Greater  scaup 

1 

Swainson’s  thrush 

15 

Black  vulture 

16 

E 

Veery* 

1 

1 

E 

Mississippi  kite 

1 

1 

Cedar  waxwing 

8 

Rough-legged  hawk 

1 

Black-and-white- warbler 

7 

Marsh  hawk 

1 

Nashville  warbler 

6 

E 

Osprey 

1 

Black-throated  green  warbler* 

1 

E 

American  kestrel 

1 

Ovenbird* 

1 

E 

Turkey 

3 

Eastern  Meadowlark 

69 

Sanderling* 

1 

0 

Brewer’s  blackbird 

22 

Forster’s  tern* 

1 

0 

Indigo  bunting* 

6 

E 

Ruby-throated  hummingbird 

7 

E 

Dickcissel 

1 

Hairy  woodpecker 

1 

E 

Cassin’s  sparrow* 

1 

W 

Downy  woodpecker 

2 

E 

Chipping  sparrow 

2 

Eastern  kingbird 

6 

White- throated  sparrow 

2 

Say’s  phoebe* 

1 

W 

Lincoln’s  sparrow 

1 

Rough-winged  swallow 

2 

4 

#Species  representing  range  extension;  C  —  Coryell  County,  B  =  Bell  County,  S  =  Species 
approaching  their  distributional  limits,  E  =  eastern  species,  O  -  coastal  species,  W  — 1 
western  species. 


NOTES 


93 


TABLE  2 

New  Records  of  Mammals  From  Coryell  and  Bell  Counties,  Texas 


o 

,0 

g 

o 

<o 

O 

v. 

0, 


g 

■O 

3 

.3 

c n 


3 

g 

« 

g 

o 

£ 

s 

o 

g 

o 

•3 

o 

V- 

-g 


v- 

-2 

e 

s 

.0 

03 


<0 

3 

g 

C 

•3 


<0 

3 

be 

<3 

„s 

?N 


CO 


Coryell  County 


8  mi  N  Copperas  Cove 

5* 

21* 

13* 

7  mi  N  Copperas  Cove 

8  mi  NE  Copperas  Cove 

1 

9  V2  mi  NNW  Killeen  in 

3* 

8* 

12  mi  NNE  Killeen  in 

9* 

Bell  County 

14  V2  mi  NE  Killeen 

2* 

1* 

14  mi  NE  Killeen 

1  2* 

3* 

12  mi  NE  Killeen 

1 

3  mi  NE  Killeen 

16* 

18* 

5  mi  SW  Killeen 

1 

1 

2 

8  mi  SW  Killeen 

1 

1* 

# 

#Represent  small  range  extensions. 


8  represent  species  that  are  either  at  or  approaching  their  distributional  limits.  Both  the 
sanderling  and  Forster’s  tern  while  within  migratory  ranges  are  far  from  their  normal 
coastal  island  and  shoreline  haunts.  The  Say’s  phoebe  and  Cassin’s  sparrow  are  at  their 
eastern  arid  grassland  limits  and  the  veery,  black-throated  green  warbler,  ovenbird,  and 
indigo  bunting  are  at  their  western  limits.  The  white-breasted  nuthatch  which,  according 
to  Oberholser  (1974,  p  619)  “by  1950  only  frequents  far  northeastern  Texas’’  was  observed 
twice  in  Bell  County.  The  black  vulture,  ruby-throated  hummingbird,  hairy  woodpecker, 
downy  woodpecker,  white-breasted  nuthatch,  and  Nashville  warbler  are  at  the  far  western 
limits  of  their  range  in  Central  Texas. 

A  total  of  13  species  of  mammals  were  observed  with  11  representing  some  type  of  new 
distributional  record  (Table  2).  Specimens  of  Sciurus  niger,  Lepus  californicus,  and  Sylvi- 
lagus  jloridanus  have  never  been  officially  recorded  from  Coryell  County  although  they 
are  well  within  their  range  (Davis,  1974).  The  same  is  true  for  Procyon  lotor,  Reithrodon- 
tomys  julvescens,  R.  montanus  and  Peromyscus  maniculatus  from  Bell  County.  However, 
Perognathus  jlavus,  Peromyscus  attwateri  and  P.  pectoralis  all  represent  small  range 
extensions  of  approximately  50,  75,  32  miles,  respectively. 

Mammal  specimens  are  housed  in  the  University  of  Illinois  Museum  of  Natural  His¬ 
tory  and  the  research  collections  at  USA-CERL. 
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FOOD  ITEMS  OF  ROADRUNNERS  FROM  PALO  PINTO  COUNTY, 
NORTH  CENTRAL  TEXAS. — Dennis  Parmley,  Texas  Parks  and  Wildlife,  Star 
Route,  Box  13,  Graford,  TX  76045 

A  search  of  available  literature  has  revealed  no  information  pertaining  to  food  items 
utilized  by  Roadrunners  (Geococcyx  californianus)  in  north  central  Texas.  During  the 
months  of  April  through  June  1981  I  found  16  Roadrunners  dead  on  roads  in  Palo  Pinto 
County,  Texas.  One  was  found  dead  in  April,  three  in  May,  five  in  June,  one  in  July, 
and  six  in  August.  I  removed  their  stomachs,  tagged  them,  and  preserved  them  in  10% 
formalin.  Later,  I  dissected  them  and  made  a  macroscopic  examination  of  food  items.  I 
categorized  (when  possible)  food  items  for  each  stomach.  No  attempt  was  made  to  mea¬ 
sure  volume. 

Palo  Pinto  County  is  within  the  West  Cross  Timbers  biotic  region  of  Blair  (1950,  The 
Biotic  Provinces  of  Texas,  Texas  J.  Sci.,  2:93-117)  and  within  the  North  Central  climatic 
zone  (U.S.  Dept.  Commerce,  1968,  Climate  atlas  of  the  United  States.  U.S.  Govt.  Print. 


TABLE  1 

Food  items  ingested  by  16  Roadrunners  in  Palo  Pinto  County,  north  central  Texas,  April 
to  July  1981. 


Food  Items 

Apr.  May 

June 

July  Aug.  Totals 

Arthropods 

Centipede  (Scolopendromorpha) 

1 

1 

Grasshoppers  (Orthoptera) 

6 

15 

21 

Beetles  (Coleoptera) 

3 

2 

3 

8 

Unidentified  insects 

3  8 

5 

7 

23 

Amphibians 

Woodhouse’s  toad  ( Bufo  w.  woodhousei) 

2 

1 

3 

Unidentified  amphibians 

1 

1 

Reptiles 

Whiptail  lizards  ( Cnemidop horus  sp.) 

3 

1 

4 

Spiny  lizards  ( Sceloporus  sp.) 

1 

1 

Collared  lizards  ( Crotaphytus  collaris) 

1 

1 

Whipsnakes  ( Masticophis ) 

2 

2 

Rat  snakes  ( Elaphe  obsoleta) 

1 

1 

Unidentified  reptiles 

2 

2 

Mammals 

Harvest  mouse  ( Reithrodontomys  sp.) 

1 

1 

Total  69 
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Off.,  Wash.,  D.C.,  80  pp).  The  specimens  had  been  picked  up  along  well  traveled  roads 
that  pass  through  areas  of  steep  limestone  escarpments  dissected  by  many  steep  canyons. 
The  area  supports  a  Juniperus  association  with  oak  and  mesquite  throughly  mixed 
throughout  the  rocky  terrain  and  lower  flats. 

Table  1  shows  the  food  items  obtained  from  the  stomachs  (by  month  collected)  and  the 
total  numbers  of  each  type  of  food  item.  Of  the  16  stomachs  examined,  15  (94%)  con¬ 
tained  food  items.  Of  these,  one  (6.7%)  contained  a  centipede,  14  (93.3%)  contained  insects, 
four  (26.7%)  amphibians,  seven  (46.7%)  reptiles,  and  one  (6.7%)  a  mammal.  Of  the  total 
number  of  food  items  consumed,  insects  constituted  the  largest  percentage  (77%).  Most 
were  grasshoppers  or  unidentified  insect  remains.  Reptiles  (14.5%)  were  the  second  most 
abundant  food  items  consumed. 

This  report  provides  information  as  to  types  of  food  captured  and  eaten  by  Road- 
runners  in  north  central  Texas.  Due  to  the  small  sample  size  and  the  different  numbers 
of  specimens  collected  each  month,  insufficient  data  were  compiled  to  determine  if  feed¬ 
ing  habits  were  non-selective  or  seasonally  dependent  upon  food  availability.  A  seasonal 
dietary  preference  for  insects  seems  to  be  indicated.  Undoubtedly,  during  the  months  the 
Roadrunners  were  found  dead  (spring  and  summer),  insects  would  be  more  plentiful  and 
more  easily  caught  than  the  swifter  reptiles. 
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SCIENCE  AND  THE  INDIVIDUAL1 


by  PERRY  L.  ADKISSON2 

Deputy  Chancellor  for  Agriculture 
The  Texas  A&M  University  System 
College  Station,  TX  77843 

Because  there  seems  to  be  as  many  ideas  as  to  what  science  is  as  there 
are  spokesmen  for  science,  I  should  first  define  what  science  is.  Webster 
defines  science  as  a  possession  of  knowledge  as  distinguished  from 
ignorance  or  misunderstanding.  (Does  this  mean  that  scientists  are 
without  ignorance  or  misunderstanding?)  Leland  Hayworth  has  defined 
science  as  “that  organized  knowledge  and  understanding  of  the  general 
laws  of  nature  which  has  been  accumulated  by  the  collection  of  data 
through  observation,  experiment  and  the  formulation  and  testing  of 
hypotheses.” 

Science  has  been  and  remains  to  be  highly  individualistic.  Warren 
Weaver  noted  that,  “Science  is  not  technology,  it  is  not  some  myste¬ 
rious  cult,  it  is  not  a  great  mechanical  monster.  Science  is  an  adventure 
of  the  human  spirit.  It  is  essentially  an  artistic  enterprise,  stimulated 
largely  by  curiosity,  served  largely  by  disciplined  imagination  and 
based  largely  on  faith  in  the  reasonableness,  order  and  beauty  of  the 
universe  of  which  man  is  a  part.”  Robert  Helmer  McArthur  said  it 
another  way,  “Doing  science  is  not  such  a  barrier  to  feeling  or  such  a 
dehumanizing  experience  as  it  is  often  made  out.  It  does  not  take  the 
beauty  from  nature.  The  only  rules  of  the  scientific  method  are  honest 
observations  and  accurate  logic.  To  be  great  science  it  must  also  be 
guided  by  a  judgment,  almost  an  instinct,  for  what  is  worth  studying.” 
(Is  he  saying  scientists  are  born,  not  made?) 

Science  is  an  adventure  of  the  human  spirit.  It  is  essentially  an  artis¬ 
tic  enterprise,  stimulated  largely  by  curiosity,  served  largely  by  a  disci¬ 
plined  imagination  and  based  largely  on  faith  in  the  reasonableness, 
order  and  beauty  of  the  universe.  It  is  based  on  the  logic  and  the  intel¬ 
lect  found  only  in  the  human  mind. 

As  a  scientist,  I  am  an  adventurer.  I  am  an  artist.  I  am  curious.  I  seek 
an  environment  where  my  intellect,  my  intuition,  and  my  hard  work 
are  appreciated  and  recognized,  and  where  I  may  work  in  freedom  and 
harmony  with  others. 


'Text  of  address  presented  in  plenary  session  at  the  Texas  Academy  of  Science  85th 
Annual  Meeting,  Angelo  State  University,  San  Angelo,  Texas,  4-6  March  1982. 

2Dr.  Adkisson  presented  the  address  upon  the  occasion  of  his  being  named  “Distin¬ 
guished  Texas  Scientist”  by  the  Academy — editor. 
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Clearly  these  characteristics  are  highly  individualistic.  But  why  is  it 
so  accentuated  in  science?  Perhaps,  this  may  be  best  understood  by  the 
analogy  made  by  the  great  French  mathematician,  Poincare,  who  said, 
“Science  is  built-up  with  facts  as  a  house  is  with  stones.  But  a  collec¬ 
tion  of  facts  is  no  more  science  than  a  heap  of  stones  is  a  house.” 
Science  is  the  assemblage  of  facts  in  a  reasoned  and  logical  manner. 
The  building  of  a  field  of  science  may  require  the  best  efforts  of  many 
individual  scientists  with  each  making  a  contribution  in  such  a  way  as 
to  create  an  area  of  knowledge  which  is  enduring,  functional  and  aes¬ 
thetically  satisfying. 

Normally,  research  will  not  lead  to  the  answer  of  a  question  not 
asked  or  to  a  process  not  sought.  The  best  scientists  are  characterized  by 
an  unusually  high  degree  of  skill  in  asking  the  right  questions.  Of 
course,  there  are  some  significant  exceptions  to  these  generalizations. 
Serendipity  has  been  responsible  for  some  major  discoveries.  But,  we 
cannot  rely  on  it.  The  greatest  scientific  and  technological  advances 
will  come  in  those  fields  of  science  that  are  given  priority  in  terms  of 
resources  because  they  will  attract  the  largest  numbers  of  gifted  scien¬ 
tists. 

Being  able  to  ask  the  right  question  the  majority  of  the  time  does  not 
come  from  good  luck,  it  comes  from  the  mastery  of  theory.  The  more 
advanced  and  complete  the  theory  of  which  the  scientist  is  the  master, 
the  more  successful  must  be  his/her  science.  The  more  he/she  knows, 
the  more  he/she  can  do.  The  more  deeply,  comprehensively  and  clearly 
he/she  can  think,  the  more  intelligently  and  advantageously  he/she 
can  work.  Top  scientists  are  consumed  by  their  work  and  they  gener¬ 
ally  work  prodigiously.  The  difference  between  genius  and  mediocrity, 
given  scientists  of  equal  endowment,  often  resides  in  a  great  deal  of 
extra  effort  on  the  part  of  the  genius. 

Top  scientists  are  driven  by  their  search  for  discovery  and  their  need 
for  peer  recognition.  They  are  selfish  people  in  the  sense  they  work  for 
the  thrill  of  discovery,  constantly  seeking  to  be  the  first  in  the  field  to 
announce  an  important  finding.  They  are  characterized  by  their 
extreme  dedication  to  their  work,  but  their  science  is  jealous  of  their 
energy.  It  entrenches  on  their  personal  lives.  It  often  causes  them  to 
neglect  many  aspects  of  their  personal  lives,  and  those  of  their  families. 

Extreme  dedication  to  the  scientific  ideal  is  characteristic  of  top 
scientists  and  it  causes  them  to  make  great  personal  sacrifices.  This  way 
of  life  exacts  its  toll.  Collectively,  it  bears  most  heavily  on  the  feeling  of 
the  scientist  toward  his/her  life  and,  in  some  cases,  that  of  his/her 
family.  Some  families  cannot  stand  the  stress  and  estrangement  between 
the  scientist  and  his/her  family  is  not  uncommon. 

Realizing  these  characteristics,  how  can  our  administrators  help  us  to 
do  good  science?  They  can  help  us  by  treating  us  as  unique  human 
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beings  in  sore  need  of  a  multitude  of  services  which  will  enable  us  to 
practice  our  art.  We  must  have  an  environment  in  which  to  work 
where  we  feel  good  about  ourselves,  our  work  and  our  institution.  I 
believe  the  most  important  thing  a  research  administrator  can  do  is  to 
care  about  the  feelings  of  his/her  scientific  staff  and  provide  them  an 
environment  in  which  they  can  feel  good  about  themselves  and  their 
work.  Creative  thought  flourishes  best  in  an  environment  where  it  is 
respected,  nurtured  and  recognized. 

In  this  discourse  I  have  tried  to  present  you  with  a  few  of  my 
thoughts  on  science  and  the  scientist.  Phillip  Handler,  perhaps,  des¬ 
cribed  us  best  in  his  statement,  “The  scientist  is  attracted  to  his  calling 
out  of  the  sheer  joy  and  love  of  understanding.  That  pursuit  of  science, 
in  and  of  itself,  is  a  meaningful  purpose  of  our  civilization  may  be  held 
moot  by  many  of  you;  regrettably,  only  a  few  may  completely  share  the 
delight  of  the  scientist  in  the  compelling  beauty  of  natural  phenomena. 
Yet  surely  all  truly  educated  individuals  must  gain  sufficient  compre¬ 
hension  of  the  intellectual  structure  of  science  which  as  noted  by  Sir 

Brian  Flowers,  . . .  like  the  arts  gives  expression  to  the 

innermost  yearnings  of  the  human  spirit  and  thereby  enriches  our  lives. 
It  profoundly  changes  our  comprehension  of  the  world  around  us  and 
our  place  in  it.” 

Yes,  science  is  highly  individualistic  and  it  is  an  adventure  of  the 
human  spirit.  I  am  pleased  that  this  is  so  as  it  allows  us  to  practice  our 
craft  in  a  way  few  other  professions  are  privileged  to  do.  I  am  proud  to 
be  a  scientist.  I  enjoy  my  profession  and  if  I  were  doing  it  all  over  I 
would  choose  the  same  path.  I  trust  each  of  you  would  say  the  same. 


MEUSEBACH-ENGELMANN-LINDHEIMER 


by  CORNELIA  MARSCHALL  SMITH 

Emeritus  Professor  and  Former  Chairman 
Biology  Department 
Baylor  University 
Waco,  TX  76798 


This  paper  purposes  to  show  how  a  series  of  independent  “finds”  are  interrelated  and 
spin  a  unique  pattern,  “fachwerk”,  when  put  together.  It  pertains  to  the  correspondence 
(1878-1883)  between  my  grandfather,  John  O.  Meusebach,  German  colonizer  in  Texas, 
and  George  Engelmann,  physician  and  botanist  of  St.  Louis,  Missouri;  it  further  helps  to 
illumine  the  origin  of  the  herbarium  collections  made  on  grandfather’s  estate,  Comanche 
Spring,  Texas  and  at  New  Braunfels,  Texas  and  sent  to  the  Missouri  Botanical  Gardens 
by  Ferdinand  Lindheimer,  naturalist  of  New  Braunfels.  The  Baylor  University  Biology 
Department’s  herbarium  contains  a  fascicle  of  279  such  specimens  dated  1849-1851. 

PART  I 

In  1976,  when  professor  J.  B.  Smith  and  wife  visited  the  Missouri 
Botanical  Garden  Library  in  St.  Louis,  he  asked  to  see  the  Meusebach- 
Engelmann  correspondence.1  After  some  hesitation,  his  request  was 
granted.  Smith  found  the  letters  were  not  only  in  German,  but  also 
handwritten;  each,  however,  was  accompanied  by  an  English  transla¬ 
tion. 

Upon  Professor  Smith’s  return  to  Waco,  he  informed  the  author  of 
his  experience.  Forthwith,  she  wrote  and  requested  a  copy  of  the  cor¬ 
respondence.  The  librarian  obligingly  sent  xerox  copies  of  the  original 
and  the  translation. 

This  correspondence,  among  other  items,  helps  to  show  Meusebach’s 
and  Engelmann’s  common  interest  in  the  Yucca  and  the  American 
grape. 

He  [Engelmann] ..  .deserves  credit  for  first  calling  attention  to  the 
adaptation  of  the  Pronuba  moth  for  accomplishing  pollination  of 
the  Yuccas,  as  well  as  the  valuable  discovery  of  the  immunity  of  the 
American  grape  to  the  Phylloxera .2 

More  specifically,  Meusebach’s  letter  of  January  26,  1880,  not  only 
substantiates  the  publication  and  widespread  distribution  of  the  “circu- 


1  Professor  Smith  had  read  about  this  correspondence  in  John  O.  Meusebach,  German 
Colonizer,  University  of  Texas  Press,  1967,  by  Irene  Marschall  King,  his  former  Baylor 
University  teacher  of  English. 

2 Dictionary  of  American  Biography ,  Vol.  6,  pp.  159-160,  1931. 

The  Texas  Journal  of  Science,  Vol.  XXXIV,  No.  2,  1982 


106 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  XXXIV,  NO.  2,  1982 


lar”  referred  to  in  the  article  coauthored  by  the  author,3  but  also  the 
tremendous  demand  for  the  coral  yucca,  Yucca  parviflora  (Torrey),  in 
America  and  abroad. 

These  letters,  furthermore,  give  conclusive  evidence  of  the  importance 
of  the  native  Texas  grapes  to  the  survival  of  the  wine  industry  in 
France. 

Let  the  letters  speak: 


Loyal  Valley,  Mason  Co.,  Tex. 

July  12,  1878 

Dear  Doctor: 

Today  I  am  sending  you  by  mail  the  flower  stalk  of  a  Hesperaloe 
yuccaefolia  (Engelm.)  on  which  the  leaves  unfortunately  are  somewhat 
deformed,  because  it  was  transplanted  many  times.  Likewise,  I  am 
enclosing  a  photograph  of  the  plant,  ruler  photographed  with  it,  so 
that  you  can  judge  the  length.  The  blossoms  become  much  larger  when 
not  grown  in  a  pot,  and  in  their  natural  location  they  are  all  somewhat 
larger  than  those  sent  up  to  now. 

For  many  years  no  one  has  been  able  to  locate  the  plant  in  Texas. 
Not  until  1877,  did  a  party  of  mine-prospectors  accidently  find,  instead 
of  sought-after  ore,  a  great  number  of  them  together,  in  most  beautiful 
bloom,  high-up  on  the  western  dry  arm  of  the  Nueces  in  a  clearing  in 
the  cedarbrake.  Later,  they  found  individual  ones  among  the  cedars. 
Since  one  can  reach  the  place  only  on  horseback,  (for  almost  80  miles 
around,  no  water  can  be  found  except  in  rainwater  holes)  only  a  very 
few  individual  specimens  could  be  brought  along. 

I  hope,  however,  to  be  able  to  send  you  a  rooted  specimen  in  a  box 
via  R.  R.  to  St.  Louis  by  autumn  or  winter,  and  will  take  advantage  of 
the  opportunity  to  send  you  the  various  forms  of  yuccas  which  grow 
up  here. 

Should  you  have  a  copy  left  over  of  your  latest  treatise  about  the 
Aloes,  Agaves,  and  Yuccas,  I  would  be  very  pleased  to  receive  a  copy,  so 
that  when  collecting,  one  can  especially  concentrate  on  possible  new 
forms. 

Respectfully  your  devoted, 

John  O.  Meusebach 

Loyal  Valley,  Mason  Co.,  Texas 
Sept.  14,  1879 

Respected  Dr.  Engelmann, 

In  answer  to  your  esteemed  letter  of  July  21,  I  sent  to  you  per  reg. 

3Smith,  C.  M.  and  G.  A.  An  Electrophoretic  Comparison  of  Six  Species  of  Yucca  and  of 
Hesperaloe,  Botanical  Gazette,  131  (3):  201-205,  1970. 
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package  No.  14  on  July  31st.  1  box  with  ripe  fruit  and  seed  of  the  tree¬ 
like  Yucca  pocealliana  [ Treculeana ]  with  trunk  circumference  of  24-32 
inches  and  10-15  feet  high,  which  I  have  here;  however  from  the  post 
office  in  Houston  I  received  the  enclosed  notice,  according  to  which,  in 
spite  of  good  packing,  probably  because  of  the  great  heat,  they  were 
spoiled  and  had  to  be  thrown  away.  This  is  the  large  Yucca  whose  fruit 
is  gathered  by  the  Lipan  and  Comanche  Indians,  after  removal  of  the 
bark  and  somewhat  bitter  tasting  seeds,  mashed  in  a  wooden  mortar 
and  formed  into  cakes  which  look  like  chewing-tobacco  plugs  and  taste 
like  preserved  pears.  Major  Neighbors,  formerly  Indian  Agent  for  the 
state  of  Texas  for  the  Lipan  Indians  and  later  U.S.  Indian  Agent  for 
the  Indians  in  Texas,  told  me  that  he  has  often  eaten  these  cakes  and 
found  them  of  extremely  good  taste.  After  receipt  of  your  letter  of  July 
21st.,  I  made  every  effort  to  find  the  so-called  Postoak  grape.  However, 
it  does  not  occur  at  all  in  this  higher  country.  On  the  other  hand,  the 
Vitis  monticola,  or  as  Lindheimer  has  called  it  Vitis  montana,  moun¬ 
tain  grape,  is  very  plentiful  everywhere  in  the  West  and  in  the  higher 
country;  in  the  lower  country  I  have  never  found  it.  It  also  does  not 
occur  anywhere  up  here  where  granite  prevails;  it  is  found  only  in  lime 
soil.  The  grapes  are  sweet  and  very  often  have  tightly  clustered  berries. 
As  a  rarity,  now  and  then  a  white  or  yellowish  sport  occurs,  just  as 
Vitis  labrusca  apparently  rather  seldom  occurs  with  white  or  yellowish 
berries;  then  only  as  a  sport.  This  year  the  mountain  grapes  were  rather 
rare.  Because  of  the  very  unusual  drought,  the  grapes  either  fell  off  or 
dried  on  the  vines.  On  a  journey  of  200  miles  from  here  to  New  Braun¬ 
fels  and  back  by  two  different  routes,  I  did  not  find  one  grape  which  I 
could  send  as  a  sample.  Finally  I  succeeded  5  miles  from  here  in  a  bot¬ 
tom  and  in  the  limestone  (chalk)  formation,  to  find  a  considerable 
quantity  of  beautiful  grapes,  of  which  I  sent  you  a  small  box  via  reg. 
package  No.  28  which  according  to  the  receipt,  has  been  delivered  to 
you.  But  in  what  condition  they  arrived  is  questionable.  If  they  are 
spoiled,  then  please  let  me  know  how  one  must  pack  them,  so  that  they 
will  arrive  in  good  condition.  However,  assuming  that  the  grapes  in 
the  box  were  not  spoiled,  they  would  still  not  give  you  a  proper  picture 
of  the  good  Mountain  grape,  as  the  grapes  and  berries  are  much 
smaller  this  year  than  usual.  On  our  calcareous  ground  or  stony  lime- 
hills  they  may  never  be  any  better;  in  fertile  bottoms  and  with  sufficient 
rain  the  grapes  and  berries  become  larger,  closer  together,  juicier  and 
sweeter.  A  wine  is  made  from  them  which,  without  the  addition  of 
sugar  or  water,  resembles  a  dark,  heavy  Burgundy.  But  in  recent  times 
the  people  pick  the  grapes  half-ripe,  add  too  much  water  and  sugar, 
and  thereby  spoil  the  drink.  I  am  of  the  definite  conviction  that  if  these 
and  other  naturally  sweet  kinds  from  Texas  were  cultivated,  they  would 
be  much  better  suited  than  the  Fox  grapes  (Agawam,  Salem,  Concord, 
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Hartford  prolific,  Berry,  Merrimac,  and  Catawba)  for  wine  culture. 
Besides  the  Mountain  grape  which  climbs,  there  also  grows  in  Cibolo 
and  around  here  another  sweet  grape  which  Scheele,  I  believe,  chris¬ 
tened  (Linnaean)  Vitis  rupestris.  This  grows  only  in  bush  form,  does 
not  climb  and  has  a  blue  grape,  which  never  grows  thickly  but  is  very 
sweet  and  does  not  have  a  bitter  after-taste  in  the  thin  skin.  The  third 
sweet  variety  is  the  Postoak  grape  which  I  know  only  from  hearsay. 
Finally  there  also  was  discovered  up  here,  on  a  creek  above  the  Llano 
River,  a  single  large  vine  which  is  said  to  have  large  blue  grapes,  com¬ 
pletely  sweet  and  without  a  bitter  taste  in  the  skin.  For  2  years  I  have 
been  hunting  for  these  grapes  and  can  never  obtain  them  ripe,  in  order 
to  test  for  myself  whether  what  the  laymen  say  is  correct.  Since  this 
year  it  was  also  not  possible  to  obtain  grapes,  this  winter  I  will  take 
cuttings  in  quantity  and  will  let  them  take  root  under  irrigation.  The 
best  would  be  to  send  you  cuttings  this  winter  of  Vitis  monticola,  Vitis 
rupestris  and  of  the  large  grape  from  the  Llano,  and  to  induce  Mr. 
Lindheimer  to  provide  you  with  Postoak  grapes  from  the  lower  coun¬ 
try. 

Vitis  aestivalis  also  occurs  here  with  sweet,  quite  large  berries,  but  it 
is  relatively  infrequent. 

Vitis  monticola  I  will  dry  between  blotting  paper  and  then  send  you 
a  branch  with  some  leaves.  I  have  here  a  specimen  of  Hesperaloe  yuc- 
caefolia  (or  near  relative)  with  3  seed-capsules  attached,  which  I  want 
to  send  to  you  together  with  stalk  and  plant.  Should  I  send  them  as 
they  are  now,  or  let  the  seed  capsules  first  dry  on  the  stem?  I  had  flow¬ 
ers  and  seed  capsules  on  the  stem  at  the  same  time.  The  Hesperaloe 
seems  not  to  sprout  flower-stems  until  the  third  year  and  generally  to 
grow  very  slowly.  The  seed-capsules  are  still  green.  Is  it  better  to  wrap 
the  plant  with  roots  and  stem  only  in  stiff  paper,  or  can  one  send  them 
by  mail  in  a  closed  tin  box,  without  danger  of  their  getting  mouldy? 

Scheele’s  Sophora  speciosa  which  you  mentioned  in  Mis:  Sophora 
sempervirens,  was  described  by  Berlandier  long  before  Scheele,  as  Calia 
erythrosperma,  therefore  must  be  called  Sophora  erythrosperma.  Ber¬ 
landier  in  Memorias  de  la  Comision  de  Limites,  par.  I,  Historia  Natu¬ 
ral  Botanica,  Por  el  General  Teran  y  L.  Berlandier ,  Matamoros  de  las 
Tamaulipas  Junio  20  de  1832. 

Of  the  3  different  kinds  of  yuccas  which  occur  here,  and  of  which  I 
consider  the  tree-shaped  one,  according  to  your  description,  as  Yucca 
Treculeana  there  are  very  different  varieties  (or  perhaps  different  spe¬ 
cies)  present.  This  is  true  namely  of  Yucca  angustifolia,  which  we  here, 
according  to  Lindheimer,  mostly  consider  to  be  Yucca  filamentosa. 

Of  Yucca  fortifolia  (Lindh.)  now  Yucca  rupicola,  indeed  different 
forms  occur,  depending  on  the  location  and  soil,  all  however  belong 
undoubtedly  only  to  one  species.  Of  Yucca  Treculeana,  the  tree-shaped 


MEUSEBACH-ENGLEMANN-LINDHEIMER 


109 


form  there  are  two  kinds,  one  with  very  long  leaves,  the  other  with  very 
short  leaves,  the  first  with  very  large  fruits  6  -  7  inches  long,  fleshy, 
sweet,  the  second  with  small  3-inch  long  fruits  which  I  have  seen  only 
in  dry  specimens. 

Yucca  angustifolia  or  filamentosa  occurs  in  a  great  number  of  differ¬ 
ent  forms,  with  broad  leaves,  with  very  slender  leaves,  with  many 
downward-hanging  fibers,  and  almost  without  any  such.  Lindheimer 
maintains  they  always  occur  only  in  rotten  limestone  ground;  stem  1-4 
feet  high.  The  latter  height  is  rare.  I  find  the  same  or  a  similar  one 
which  is  fiberous  with  a  short  stem  and  with  a  pear  shaped  fruit,  also 
in  the  granite  region  up  here,  however  the  leaves  are  very  strikingly 
narrow.  It  could  be  that  you  yourself  can  examine  them.  Only  the  roots 
of  these  Yuccas  with  fibers  on  the  leaves  produce,  when  pounded  with 
a  mallet,  a  good  substitute  for  soap,  by  the  Mexicans  given  the  name 
amole.  The  roots  of  the  large  tree-shaped  Yuccas,  Yucca  fortifolia  or 
rupicola,  are  not  to  be  used  as  soap,  also  do  not  foam  with  washing. 

In  your  letter  of  July  21  you  ask:  whether  and  which  domestic  grapes 
are  cultivated  here.  I  myself  have  a  vineyard  of  several  acres  in  my 
nursery  in  which  I  chiefly  grow: 

1.  Charletas 

2.  Gutedel— which  is  grown  wrongly  under  the  name  of  Cape  of 
Good  Hope 

3.  Concord 

4.  Merrimac 

5.  Barry 

6.  Hartford  prolific 

7.  Agawam 

8.  Salem 

9.  El  Paso 

In  New  Braunfels  it  seems  that  recently  they  have  discarded  all  other 
grapes  and  cultivated  only  Black  Spanish  and  make  wine  from  it.  Every 
year  (100,000)  hundreds  of  thousands  of  cuttings  of  the  Black  Spanish 
are  sent  to  France  from  here.  The  El  Paso,  which  grows  the  fastest, 
would  be  excellent  if  it  were  not  so  often  subject  to  dry-rot,  probably, 
however,  only  in  dry  years. 

Respectfully  yours, 

John  O.  Meusebach 


Loyal  Valley,  Texas 
January  26,  1880 

Dear  Dr.  Engelmann, 

Your  two  letters  of  Oct.  22  and  Jan.  15  still  lie  before  me  to  be  an¬ 
swered.  It  was  my  intention  first  to  make  several  more  shipments 
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quickly  after  each  other,  of  such  plants  as  would  perhaps  be  of  interest 
to  you,  and  only  then  to  give  my  amateur  notes  about  all  of  them. 
However  the  shipments  are  going  piecemeal  (incomplete  and  with  infe¬ 
rior  specimens)  because  I  am  always  delayed  through  other  accumu¬ 
lated  business  matters  in  making  a  complete  shipment,  and  have  to  rely 
mostly  on  other  people. 

Together  with  the  Vitis  monticola,  whose  rooted  vine  did  not  appear 
to  me  to  have  enough  roots,  and  whose  cuttings  appeared  hard  and  dry, 
notwithstanding  that  they  were  cut  from  the  main  stem  just  before 
shipment,  I  sent  cuttings  of  the  only  wild  grape  which  grows  above  the 
Llano,  and  is  alleged  to  bear  perfectly  sweet,  delicate-skinned,  dark 
blue,  large-berried  fruit.  For  3  years  I  have  unsuccessfully  tried  to 
obtain  ripe  fruit  from  it,  because  I  do  not  really  trust  the  laymen’s 
reports  about  its  sweetness,  thin  skin  and  lack  of  astringent  taste  of  the 
skin.  If  the  cuttings  grow,  we  can  now  hope  to  find  out  from  you  what 
it  is.  Yesterday  I  sent  a  small  package  to  you  of  El  Paso  (a  small  2  year 
old  rooted  vine  and  cuttings),  so  that  you  may  convince  yourself 
whether  it  can  be  grafted  to  Vitis  vinifera  or  not.  According  to  the 
opinion  here,  the  El  Paso  and  Parras  vines  were  originally  imported 
from  Spain  and  have  been  naturalized  here  for  more  than  100  years. 
There  are  red  and  white  El  Pasos.  Those  that  I  raised  for  years  (red) 
grew  as  cuttings  here  which  were  sent  by  mail  direct  from  El  Paso  and 
bear  a  grape  which  has  no  wild,  astringent-skin,  foxy  taste  or  smell, 
but  rather  tastes  like  a  fine  European  table  grape.  The  berries  are  above 
medium  size,  somewhat  loosely  placed  in  clusters  which  are  sometimes 
1  foot  long.  Yes,  and  in  the  case  of  El  Paso  they  should  be  Phylloxera- 
free,  i.e.,  not  subject  to  dry-rot.  Here  in  some  localities  or  in  very  dry 
years  they  sometimes  suffer  from  dry-rot.  Of  all  varieties  of  vines  which 
are  grown  here  the  El  Paso  grows  fastest  and  forms  quite  a  thick  stem 
even  in  2  years,  and  in  1  year  sprouts  shoots  20  feet  long.  In  New  Mex¬ 
ico  and  also  on  the  Mexican  border  the  vines  are  grown  mostly  without 
poles  or  trellises.  A  vineyard,  therefore,  looks  like  a  fruit  orchard,  in 
that  the  plants  form  straight  stems  2  %  to  3  Vi  feet  high  and  2  -  4  inches 
thick,  which  each  year  are  cut  back  to  the  same  height,  and  then  again 
form  a  complete  bush  or  crown  of  new  shoots,  under  which  the  grapes 
hang  wreath-like  and  massed. 

Regarding  the  surmised  origin  of  the  Black  Spanish  grape  I  know 
nothing  more  detailed.  The  cultivation  of  grapes  has  been  practiced  in 
New  Braunfels;  the  grapes  are  very  much  sought  after  because  of  the 
truly  enormous  purchases  of  cuttings  and  rooted  vines  for  the  heavy 
soil  there  and  abundant  yields  and  assured  harvests  every  year,  for 
which  reason  it  is  grown  almost  exclusively  in  the  vineyards.  In  Frede¬ 
ricksburg  in  lighter,  black,  sandy  soil,  it  is  more  often  subject  to  dry-rot 
(of  course  only  according  to  experience  of  dry  years).  Apparently  it  is 
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not  attacked  by  Phylloxera.  Because  the  berries  are  small,  I  had  not 
until  now  grown  the  Black  Spanish  up  here  in  my  vineyard,  however,  I 
have  now  had  some  rootstocks  sent  to  me  from  New  Braunfels,  of 
which  I  will  send  you  one  with  the  next  package.  In  the  package  with 
El  Paso,  I  hope  you  will  have  found  a  small  plant  of  wild  plum  with 
roots,  still  fresh  enough  for  planting,  which  I  designated  as  “Wild 
Peach”  on  the  outside  label.  Perhaps  this  variety  of  Prunus,  which  up 
to  now  I  have  found  only  up  here  in  the  granite  region,  is  not  yet 
known  to  you;  I  believe  Lindheimer  did  not  collect  it.  The  Americans 
call  it  “Wild  Peach”  because  like  the  peach,  its  skin  is  thickly  covered 
with  fuzz.  The  fruit  is  small,  becomes  yellow  when  ripe,  is  sweet, 
smells  and  tastes  very  aromatic,  and  perhaps  through  cultivation  can  be 
made  larger  and  better.  Its  size  is  like  a  mirabella,  but  I  am  told  that 
individual  plants  have  been  found  on  which  the  fruit  was  as  large  as  a 
greengage.  This  variety  of  plum  grows  only  in  bush  form,  mostly  1  -  I/2 
feet  high,  more  rarely  2  -  4  feet. 

At  the  time  I  sent  you  the  El  Paso  grapes,  I  also  sent  a  small  box 
with  cactus  and  with  now-dried  fruits  of  Yucca  canaliculata  (from  spec¬ 
imens  growing  at  my  place  of  10  -  11  feet  high  and  24  -  33  inch  trunk 
circumference).  The  3  cacti,  which  presumably  are  well-known  to  you: 
Cereus  Roemeri  with  fire-colored  flower  and  the  2  others,  with  light 
and  dark  violet  flowers  were  only  sent  along  to  fill  in.  Only  the  one 
cactus  with  long  root,  sharp  whitish  or  yellowish  thorns  and  green 
flower,  which  I  have  found  only  up  here  in  the  granite  region  and 
which  is  said  to  grow  bushes  4  -  5  feet  high,  on  Brady  creek,  and  taller, 
100  miles  N.W.  from  here,  but  down  here  reaches  a  height  of  only  2  to 
3  feet,  —  is  perhaps  not  yet  known  to  you.  In  any  case,  will  you  please 
let  me  know  the  names  of  all  4  cacti  and  tell  me  if  you  wish  to  have 
good  specimens  of  them  with  roots. 

Regarding  Yucca,  I  repeat  that  here  I  have  Yucca  canaliculata  10-11 
feet  high  with  22  -  23  inch  stem  circumference,  which  bear  leaves  of 
over  a  yard  length  (3  -  3%  feet).  I  brought  them  from  Squaw  Creek 
about  10  miles  west  of  here.  On  my  Comanche  Spring  farm,  at  the 
head  of  Salado  Creek  (Bexar  Co.),  I  have  8-10  feet  high  Yuccas,  with 
22  -  24  inch  stem  circumference,  whose  leaves  at  the  most  are  1  V2  feet 
long  or  shorter,  and  the  fruits  are  smaller  than  those  up  here,  also  not 
as  fleshy.  I  am  far  too  little  of  a  botanist  to  determine  if  they  are  two 
different  varieties.  The  leaves  have  the  same  stiff  tips  and  probably  also 
the  same  grooved  form. 

Regarding  the  “stem”  of  Yucca  angustifolia,  I  do  not  mean  the 
flower  stalk  but  the  stem  under  the  leaf-crown.  My  brother-in-law 
maintains  he  has  recently  found  such  a  Yucca  with  stem  height  4  -  5 
feet  and  even  more,  on  the  Devil’s  River  and  James  River  (tributaries  of 
Llano  River),  and  wants  to  bring  it  in.  I  myself  have  seen  stems  of  1  -  4 
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feet,  but  am  in  doubt  if  all  of  these  Yucca  forms,  with  the  narrow 
leaves  and  many  of  few  downward  hanging  fibres,  belong  to  one  and 
the  same  Y.  angustifolia.  They  all  yield  amole.  But  their  roots  go  so 
deep  and  most  often  in  such  hard,  stony  ground,  that  on  a  quick  trip 
through  on  horseback  or  in  a  buggy,  one  usually  does  not  have  a  pick¬ 
axe  or  other  tool  at  hand  to  dig  them  out,  and  workers  who  are  sent 
out  usually  chop  off  the  root  in  order  to  shorten  the  work.  On  Y.  torti- 
folia  I  have  never  observed  even  a  small  stem.  This  and  Y.  canaliculata 
yield  no  foam  and  cannot  be  used  as  soap-substitute.  On  the  Texas  side 
of  the  Rio  Grande  and  in  the  vicinity  of  El  Paso,  however,  amole  is 
also  gotten  from  varieties  of  Agave  and  sold  as  soap. 

In  answer  to  your  question:  In  my  vicinity  up  here  no  Agave  grows 
wild.  On  the  other  hand,  several  plants  were  brought  to  me  recently 
from  the  Nueces,  which  I  would  like  to  consider  as  Agaves,  even 
though  it  is  a  completely  different  form  from  A.  americana  and  A. 
mexicana.  A.  americana  also  grows  wild  on  the  Nueces.  The  new 
plants  had  suffered  somewhat  because,  as  it  appears,  they  were  trans¬ 
ported  here  from  the  Nueces  on  an  open  horse-wagon,  without  any 
covering  of  moist  moss  or  earth.  They  have  serrated  leaves  but  the  teeth 
are  small  and  come  off  when  the  leaves  become  wilted  or  dry.  I  am  try¬ 
ing  to  refresh  them  through  watering  and  as  soon  as  they  are  in  good 
condition  I  will  send  you  one  or  several  specimens. 

What  is  the  situation  with  Blackjack  and  some  other  varieties  of  oak 
trees,  which  bloom  one  year  and  only  the  next  year  develop  fruit  from 
the  preceding  year’s  bloom?  This  fact  often  becomes  the  subject  of 
astonishment  and  argument  among  the  non-botanists;  and  in  the  few 
botanical  works  that  are  available  here,  we  could  find  nothing  about 
this  striking  phenomenon. 

My  branches  with  leaves  of  Vitis  monticola,  white  or  green  sports 
also  are  not  entirely  unusual,  just  as  there  also  is  a  light  or  white  sport 
of  Mustang  grape  and  also  a  white  sport  of  the  common  wild  black¬ 
berry.  The  true  Vitis  aestivalis  I  have  found  a  few  times  as  individual 
specimens  in  the  vicinity  of  my  Comanche  Spring  farm  at  the  head  of 
the  Salado  Creek,  Bexar  Co.,  with  large,  beautiful,  thin-skinned,  sweet 
berries,  which  bear  either  golden-yellow  with  red  cheeks,  or  light  red¬ 
dish  not  densely  compact  grapes.  The  berries  are  larger  than  most 
American  domestic  grapes  which  are  derived  from  V.  aestivalis.  I 
marked  the  stalks  with  bright  cloths  but  could  not  find  them  again  in 
the  winter.  In  general,  Vitis  aestivalis  is  not  at  all  uncommon  in  Texas. 
I  am  of  the  opinion  that  many  of  the  southern  European  grapes  could 
be  grown  in  Texas,  namely  the  large  Malaga  grape,  the  Edel  Fernateis 
from  Tyrol  and  many  others  and  especially  those  grafted  on  native  wild 
ones,  whose  roots  withstand  the  Phylloxera.  At  least  the  attempt  should 
be  made  because  Texas  is  a  wine  country,  comme  il  faut,  provided, 
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however,  that  one  can  secure  water.  Also,  the  California  vines,  namely 
the  well-known  Mission  grape,  also  the  Parras,  which  no  doubt  is 
somewhat  different  from  the  El  Paso,  should  do  well  here.  Should  it 
not  be  possible  to  obtain  the  California  vines  from  the  Patent  office? 

On  the  Concho,  on  the  Dove  and  Good  Spring  Creeks  (tributaries  of 
Concho  River)  a  currant  grows  in  large  masses,  which  is  said  to  taste 
exactly  like  the  black  English  currant.  Is  this  known  to  you?  Those 
which  I  had  planted  died  during  last  year’s  extended  drought.  How¬ 
ever,  I  will  shortly  receive  fresh  specimens  from  the  Concho.  Should  I 
send  you  some  of  them? 

Since  the  domestic  currants  do  not  thrive  in  Texas  because  of  the 
heat  and  dryness,  I  will  grow  this  wild  black  currant  and,  instead  of  the 
red  one,  one  can  use  the  fruits  of  Berberis  trifoliolata,  which  is  native 
and  produces  copiously.  In  this  letter  I  am  sending  you  some  seed  of 
the  ornamental  shrub  Mimosa  mexicana,  which  is  mentioned  in  the 
local  catalogues.  It  must  be  described  in  Emory’s  Mex.  Boun.  Survey 
and  probably  has  a  different  botanical  name.  The  sulphur-yellow 
flower,  which  grows  in  spikes  has  long  scarlet-red  filaments.  The  shrub 
endures  the  dryness  just  as  well  as  Chilopsis  linearis  the  “flowering 
willow’’  with  purple  flowers,  both  wild  on  the  Rio  Grande  and  grown 
here  in  the  garden.  The  name  is  also  given  in  Emory’s  B.  Surv.,  it  has 
acquired  the  name  “flowering  willow’’  incorrectly  from  the  German 
gardeners. 

My  communications  are  somewhat  wildly  confused.  However  since  I 
am  only  an  amateur,  a  collector  and  not  a  scientific  botanist,  it  may 
perhaps  help  to  gather  together  all  sorts  of  observations  which  the  bot¬ 
anist  can  sift,  organize  and  work  out  scientifically,  even  though  there  is 
much  present  in  the  amateus’  reports  which  is  useless,  unuseable  and 
long  since  well  known.  I  also  encourage  other  people,  since  our  old 
friend  Lindheimer,  the  only  scientific  collector-botanist  here  has  unfor¬ 
tunately  died,  to  collect  newer  and  less-known  plants;  but  of  course 
these  people,  unlike  Lindheimer,  who  collected  because  of  love  for 
science,  go  out  in  search  of  plants  only  in  the  hope  of  earthly  gain. 
The  same  for  Krauskopf,  from  whom  you  probably  received  a  circular 
about  the  Hesperaloe ,  who  was  recently  again  on  the  upper  Nueces, 
and  this  time  brought  along  a  whole  wagon  full  of  Hesperaloe  and 
many  other  plants.  I  wrote  the  printed  circular  for  him  and  sent  it  to 
all  botanical  gardens  of  the  world  in  order  to  make  widely  and  gener¬ 
ally  known  your  treatises  in  the  appendix  to  Watson’s  Flora  of  Utah 
and  Nevada,  p.  497,  and  scattered  in  other  books  about  Hesperaloe . 
Since  he  has  now  come  down  from  his  ridiculous  price  of  $10  per 
plant,  as  I  had  long  advised  him  to  do,  he  has,  as  he  says  received 
orders  for  about  3,000  plants  and  obtained  1,500  on  one  trip.  So  they 
cannot  be  so  very  scarce  on  the  Nueces! 
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Please  call  my  attention  repeatedly  to  plant-forms  which  grow  here 
or  should  occur  here,  and  of  which  you  would  like  to  know  more  or 
would  like  to  have  specimens.  Of  course  my  memory,  because  of  age,  is 
somewhat  short  and  my  time  somewhat  limited  by  “the  struggle  for 
existence”,  nevertheless,  enough  of  it  must  be  put  aside  to  do  some¬ 
thing  for  science,  if  only  in  the  smallest  measure. 

I  must  finally  close,  otherwise  I  would  extend  this  letter  and  take  up 
too  much  of  your  valuable  time. 

Respectfully, 

John  O.  Meusebach 

Loyal  Valley,  Mason  Co.,  Texas 
Feb.  10,  1880 

Respected  Doctor: 

In  answer  to  your  esteemed  letter  of  Feb.  3,  I  wish  to  thank  you  first 
and  most  of  all  for  the  seeds  you  sent  of  Catalpa  speciosa.  Here  I  have 
grown  only  Catalpa  Kempferi  and  C.  syringifolia,  both  grow  very 
poorly  and  slowly,  probably  because  of  the  dryness.  Yesterday  I  sent 
you  a  small  package  with  two  young  plants  of  Vitis  monticola  with 
fresh,  beautiful  roots,  which  I  had  just  received,  which,  hopefully,  will 
grow  better  for  you  than  the  older,  woody-stern  with  roots  which  I  sent 
earlier.  Today  I  sent  you  a  cardboard  box  with  Cactus  and  Ribes 
aureum  or  nov.  sp.  with  roots.  Hopefully  they  will  arrive  in  good  con¬ 
dition. 

In  your  earlier  letter  of  July  24,  1878,  you  call  attention  to  Opuntia 
Davisii.  This  cylindroidal  Opuntia,  most  feared  by  animals  and  people 
because  of  its  thorns,  grows  here  in  the  granite  region  in  masses,  blos¬ 
soms  greenish  yellow  in  about  May,  and  in  the  upper  land  is  said  to 
make  tall  bushes  just  like  O.  arborescens,  here  only  3  -  S/i  feet  high.  I 
have  enclosed  a  specimen  with  roots  and  fruit;  all  of  the  many 
hundreds  of  them  I  have  tested  appear,  however,  to  be  sterile.  When 
they  bloom,  I  will  send  dried  flowers.  An  old  Mexican,  however,  told 
me  they  bear  seeds  only  in  wet  years.  Perhaps  this  is  the  reason  that 
after  the  last  unusually  dry  year,  not  a  single  seed  was  to  be  found  in 
the  fruit.  Incidentally,  I  note  that  with  O.  arborescens,  O.  Davisii,  and 
O.  Wrightii  (I  doubt  that  the  thinner  form  of  cactus  parts  which  I  sent 
to  you  the  previous  time  really  belong  to  O.  Wrightii)  the  fruits  do  not, 
as  with  other  cactus  varieties,  differ  considerably  in  color  and  form 
from  the  leaf  or  stem  members;  but  they  first  appear  as  a  green  leaf  or 
an  outgrowth  from  the  stalk,  then  gradually  become  wilted  or  yellow¬ 
ish  or  dry  and  fall  off.  Thus,  as  the  fruit  appears,  collectors  may  often 
overlook  it  because  it  is  hardly  noticeable.  On  my  O.  arborescens  and 
O.  Wrightii,  which,  in  fact,  were  completely  covered  with  flowers,  I 
could  not  find  a  single  fruit  with  seed.  In  the  box,  I  also  placed  two 
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very  small  specimens  with  roots  of  the  cactus  plant  which  is  called  O. 
Wrightii.  In  “Cactaceae”  Mex.  B.  S.  p.  58,  you  say:  “O.  arborescens 
/ lore  purpureo  magne ”  “The  large  purple  flowers”  are  2^-3  inches  in 
diam.  That  also  is  correct  for  my  specimens.  However,  with  O. 
Wrightii  you  say,  “flowers  abt.  1  -  VA  inches  in  diam.”  and  the  Opun- 
tia  of  which  I  sent  the  thinner  stem  parts  and  now  the  very  small  root- 
stems,  bears,  just  as  O.  arborescens  does,  flowers  of  2  V2  -  3  inches  in 
diameter,  which  are  only  somewhat  less  dark  violet  than  those  of  O. 
arborescens ;  one  could  call  them  lilac  or  pale  lilac.  At  the  proper  time, 
I  will  send  you  dried  flowers  of  both.  O.  arborescens  endures  the  win¬ 
ters  here  very  well;  O.  Wrightii,  or  whatever  it  is,  suffers  from  frost. 

Of  O.  frutescens,  now  O.  leptocaulis,  to  which  you  also  call  attention 
in  your  letters  of  July  24,  1878,  and  of  Feb.  3,  1880,  I  also  placed  in 
today’s  cardboard  box  for  you  two  specimens  with  good  roots;  var.  bre- 
vispina  and  var.  longispina,  which  all  strikingly  occur  here  in  masses 
alongside  each  other,  flower  sulfur  yellow,  full.  This  cylindroidal 
Opuntia  is  now  bearing  fruit  which  is  striking  in  color  and  form,  just 
like  most  of  the  other  cacti  here.  I  enclosed  a  number  of  branches 
thickly  covered  with  fruit.  It  occurs  to  me,  however,  that  all  the  fruits 
are  only  on  the  var.  longispina.  Incidentally,  I  surmise  that  a  number 
of  varieties  exist  because  in  riding-by,  higher-up,  I  saw  such  pipe-stem 
cacti  with  much  larger,  thicker  and  broader  fruits,  which  also  were 
colored  more  yellow,  or  at  most  yellow-red  instead  of  bright  red. 

In  my  last  letter,  I  enclosed  some  seeds  of  the  ornamental  plant 
designated  as  Mimosa  Mexicana,  for  example,  in  Dr.  Lipscomb’s 
Nursery  Catalogue.  These  seeds  are  in  pods,  which  burst  open  noisily 
as  soon  as  they  are  ripe.  They  say  that  it,  supposedly,  is  Poinciana  pul- 
cherrima  from  India.  It  is,  however,  an  indigenous  Texas  and  Mexican 
plant,  which  occurs  wild  everywhere  on  the  Rio  Grande,  and  can  not 
possibly  have  escaped  the  attention  of  the  botanists  of  Emory’s  Mexican 
B.S.  It  must  be  described  in  Torrey’s  “Botany”  of  Mex.  B.S.,  1859. 
Unfortunately,  I  could  never  obtain  the  latter  work. 

Here,  I  have  Chilopsis  linearis  in  tree  form  from  12-16  feet  high,  up 
to  14  -  16  inches  stem-circumference  (measured),  Tecoma  stans,  the 
gold-yellow  blooming  shrub  of  New  Mexico,  Mexico  and  Texas,  is  also 
grown  here  as  a  decorative  plant;  it,  however,  often  freezes  in  winter 
and  comes  up  again  every  year  from  the  roots.  The  last  time  I  errone¬ 
ously  wrote  that  Yucca  angustifolia  withstands  10  degrees  below  zero 
Reaumur.  It  should  have  been  10  degrees  below  zero  Fahrenheit.  So  far 
we  have  not  had  it  colder  than  that. 

In  the  cardboard  box  is  also  a  specimen  of  the  wild  black  currant 
from  the  Concho,  with  good  roots.  I  hope  that  this  will  grow  at  your 
place  so  that  you  can  see  for  yourself  whether  it  is  the  well-known 
decorative  shrub,  Ribes  aureum,  or  not.  On  the  upper  Concho  and 
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tributaries  (Good  Spring  Creek,  Dove  Creek,  etc.),  this  plant  covers 
whole  acres  to  the  exclusion  of  all  other  vegetation.  The  berries  mostly 
hand  singly,  not  in  grape  form,  they  are  said  to  have  the  familiar  spicy 
taste  of  the  domestic  black  English  currant. 

On  a  trip  to  Cibolo  (between  New  Braunfels  and  San  Antonio), 
Lindheimer  himself  years  ago  called  my  attention  to  Prunus  minuti- 
flora.  However,  I  cannot  recall  that  he  spoke  of  the  edibility  of  the 
fruits.  The  plum  which  occurs  here  blooms  unusually  early,  does  not 
freeze,  and  is  almost  always  covered  with  fruit  which  truly  tastes  sweet, 
aromatic  and  pleasant.  I  hope  that  your  small  plant  will  grow,  if  not, 
later  I  will  send  you  one  of  the  wild  ones  transplanted  here  when  they 
have  sprouted  new  roots.  Recently,  I  obtained  a  bush  3  -  3%  feet  high, 
which  appeared  stunted  as  if  it  could  not  support  its  crown. 

Unfortunately,  I  forgot  to  enclose  leaves  of  the  Agave  which  I 
recently  received  from  the  Nueces.  I  waited  to  send  them  until  I  could 
send  you  the  plant  itself.  According  to  the  description  in  your  Notes  on 
Agave ,  I  must  assume  that  it  really  is  A.  heterocantha,  the  lecheguilla 
of  the  Mexicans.  I,  however,  cannot  find  its  thick  rootstock;  perhaps 
my  specimens  are  still  too  young,  “Trunk  4  to  6  feet  high”  ( Notes  on 
Agave,  p.  19). 

Tomorrow,  I  will  send  some  Agave  leaves  by  mail  and  at  the  same 
time  some  pods  of  a  yellow-blooming  half  evergreen  shrub  or  small 
hedge  plant  which  occurs  rather  seldom  in  gardens  here  and  does  not 
grow  wild  in  Texas.  Perhaps  it  is  familiar  to  you.  If  there  is  a  hard 
freeze  it  sometimes  loses  its  leaves.  In  an  average  winter,  it  remains 
green.  Please  call  my  attention  to  any  wild  Texas  plants  from  this 
region  which  you  still  desire.  These  must  be  shipped  soon  because  by 
the  end  of  this  month,  it  will  already  become  too  warm  to  send  living 
specimens  by  mail  or  in  other  ways. 

Respectfully  your  faithful, 

John  O.  Meusebach 

Loyal  Valley,  Feb.  22,  1880 

Dear  Dr.  Engelmann, 

I  received  your  excellent  treatises  regarding  the  Oaks  in  the  United 
States  shortly  after  my  last  letter  was  sent,  and  thank  you  very  much  for 
it.  According  to  this  it  is  therefore  a  well-known  fact  that  with  all 
Black  oaks  the  fruit  does  ripen  only  in  the  second  year,  regarding 
which  we  could  not  find  anything  in  the  (admittedly  deplorable)  liter¬ 
ary  resources  which  are  available  here.  The  Opuntia  Wrightii,  or  what 
is  designated  as  such,  is  definitely  not  a  more  delicate  form  of  O.  arbo- 
rescens.  I  have  both  with  stems  of  over  5  feet  height  and  3  -  4  inch  stem 
circumference  (measured)  and  as  they  stand  next  to  each  other,  the 
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habit  is  completely  different.  The  O.  arhorescens  stretches  its  stem 
members,  which  appear  somewhat  club-shaped,  (on  the  ends  thicker 
than  at  the  starting  point)  mostly  upward,  the  other  lets  them  partly 
hang  downward,  partly  stand  upright  (like  the  lights  on  a  Christmas 
tree);  but  the  stem  members  are  always  much  thinner  than  on  O.  arbo- 
rescens,  perhaps  only  half  as  thick,  and  not  club-shaped  but  somewhat 
constricted  above  and  below,  in  the  center  a  little  thicker.  The  flowers 
of  both  are  rather  alike  in  size  but  somewhat  different  in  color.  It 
would  be  possible  that  by  mistake  I  might  have  sent  along  a  young  O. 
arborescens  which,  as  you  wrote,  perplexed  you.  I  had  to  look  for  very 
small  specimens  which  would  fit  into  the  box  and  thus  perhaps  I  took 
the  wrong  one.  Opuntia  leptocaulis  blooms  very  beautifully  and  fully, 
but  always  during  the  day,  as  I  can  observe  here  every  moment.  I  had 
not  noticed  if  the  flowers  close  in  the  evening,  but  now  I  will  be  obser¬ 
vant  of  that. 

My  son,  who  recently  travelled  from  Ft.  Clark  to  Ft.  Davis  with  the 
Engineers  of  the  Pierce  Railroad  and  the  California  Pacific  R.R.,  saw 
thousands  of  the  Hesperaloe  yuccaefolia  on  Devil’s  River;  so  it  doesn’t 
seem  to  be  rare  after  all. 

I  enclose  a  short  article  which  I  wrote  about  the  Dasylirion,  which 
grows  abundantly  here;  I  believe  I  made  a  blunder  in  that  I  considered 
it  a  Liliaceae  instead  of  a  Bromeliaceae .  I  think  Lindheimer  had  even 
told  me  that  it  belonged  to  the  Bromeliaceae ? 

The  Mexicans  who  live  on  the  Helotes  (tributary  of  Leon  Creek)  in 
Bexar  Co.,  distilled  a  very  good  brandy  from  it.  Also  around  and  in 
Parras  (Mexico)  much  brandy  is  said  to  be  made  from  it,  so  I  was  told 
by  a  Mexican  youth  who  had  been  stolen  by  the  Comanches  at  Parras 
and  whom  I  bought  free  from  the  Indians.  Ever  since  the  Internal 
Revenue  has  introduced  a  tax  on  the  distilling  of  spirits,  distillation 
from  Bear-grass  has  been  abandoned  here  in  Texas. 

What  bearing  does  wetness  or  dryness  have  on  dry-rot,  which  occurs 
so  often  on  grapes?  Or  is  there  no  connection  in  these  processes,  and 
does  the  dry-rot  only  depend  upon  the  location  and  soil,  or  the  nature 
of  the  vines,  or  upon  climatic  and  other  conditions?  Up  here,  the  El 
Paso  grape  often  is  a  total  loss  in  dry  years  because  of  dry-rot,  whereas 
it  thrives  excellently  in  certain  locations  in  the  heavy  soil  of  New 
Braunfels,  or  at  El  Paso  in  sandy  soil,  where  it  is  grown  only  with  irri¬ 
gation,  it  never  suffers  from  dry-rot.  It  seems  therefore  that  it  suffers 
from  dry-rot  when  it  is  in  a  dry  location.  The  Black  Spanish  grows 
excellently  at  New  Braunfels  even  without  watering;  at  Fredericksburg, 
in  much  lighter  black,  sandy  ground,  it  often  suffers  from  dry-rot. 

I  have  read,  with  great  interest,  your  treatise  about  grape  vines  in 
Bush’s  Catalogue  (Bushberg  Jefferson  Co.,  Mo.),  but  could  find 
nothing  in  it  about  dry-rot  and  its  causes,  nor  remedies  against  it. 
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If  the  cause  of  dry-rot  were  to  be  found  solely  in  dryness,  then  one 
could,  by  regular  watering  of  the  El  Paso  grape,  bring  about  just  as 
sure  a  harvest  as  at  El  Paso,  Parras,  etc. 

I  will  continue  looking  for  fruits  of  O.  Davisii,  to  see  if  after  all  there 
are  not  individual  ones  to  be  found  with  seeds. 

Respectfully,  your  faithful, 

John  O.  Meusebach 

Loyal  Valley,  December  20,  1882 

Dear  Dr.  Engelmann: 

I  am  answering  your  letter  of  Dec.  2  only  today  because  since  Sept. 
26  I  have  been  bed-ridden  with  a  broken  or  sprained  left  foot. 

Today  I  sent  you  several  dried  flowers  of  Opuntia  Davisii,  as  I  sur¬ 
mise,  and  of  the  shrub  which  here  is  called  Mexican  Poinciana  ( Cae - 
salpinia  mexicana,  Gray),  and  which  you  surmised  is  Poinsettia  pul- 
cherrima.  I  do  not  think  it  is  the  latter  plant;  our  shrub  grows  wild  on 
the  Rio  Grande,  with  sulphur-yellow  flowers  with  points  and  crimson 
colored  but  much  shorter  filaments  than  the  Poinsettia.  I  believe  that 
this  year  one  could  finally  find  seeds  of  Opuntia  Davisii,  because  there 
has  been  plenty  of  rain,  and  I  regret  even  more  that  I  cannot  go  around 
collecting,  however,  I  will  try  to  get  seeds  through  other  people. 

As  far  as  grape  vines  are  concerned  it  is  correct  that  in  the  vicinity  of 
Fredericksburg  (probably  everywhere  else  in  the  meadow  limestone 
formation,  nowhere  in  the  granite  region)  the  white  variety  of  Vitis 
monticola,  which  always  sends  forth  tendrils,  and  likewise  V.  rupestris 
(Scheele)  which  does  not  but  grows  only  in  bush  form — does  not  occur 
infrequently.  I  have  learned  this  from  people  who  make  wine  from 
them.  In  other  places  the  white  varieties  are  more  infrequent.  Up  here 
in  the  granite  region,  for  instance,  the  white  variety  of  Vitis  candicans 
is  abundant,  but  grows  very  seldom  in  the  lower  land  in  the  chalk 
region.  Another  conspicuous  fact  for  me  is  that  the  white  varieties  very 
often  have  larger  berries  than  the  usual  red  ones  of  the  same  kind. 
However,  I  am  definitely  convinced  that  there  is  no  unique  kind  of 
wild  wine-grape  in  Texas  that  would  deserve  being  described  as  Vitis 
Berlandieri.  I  had  requested  one  of  the  people  who  each  year  makes 
wine  at  Fredericksburg  to  mark  white  grape  vines  of  both  varieties  and 
dig  them  up  with  roots  in  autumn.  When  the  promise  is  kept,  I  will 
send  you  some  of  both.  At  any  rate  I  will  not  let  this  matter  be  forgot¬ 
ten.  Furthermore,  this  autumn  it  has  again  become  clear  to  me  how 
uncertain  the  statements  of  the  laymen  are,  since  I  finally  received  fruit 
of  the  large-berried,  reportedly  entirely  new  dark  black  wild  wine- 
grape,  of  which  I  had  previously  sent  you  cuttings,  and  you  yourself 
planted.  I  was  firmly  assured  that  the  fruits  are  very  excellently  sweet, 
free  of  foxy  smell  and  taste,  and  taste  exactly  like  rare  wine-grapes.  All 
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of  this  is  untrue — the  fruits  are  much  smaller  than  the  Mustang,  V. 
candicans,  entirely  black  and  very  sweet,  but  the  skin  just  as  astringent, 
foxy  etc.  as  the  Mustang’s.  As  soon  as  I  have  seed  of  the  Opuntia  and 
canes  of  the  white  monticola  I  will  write  again. 

Respectfully,  your  faithful, 
John  O.  Meusebach 

Loyal  Valley,  Jan.  5,  1883 

Dear  Doctor, 

Thank  you  for  your  letter  of  Dec.  25th.  Since  my  last  letter  I  have 
finally  received  the  white  Vitis  monticola  with  good  roots,  from  the 
vicinity  of  Fredericksburg,  through  a  fairly  reliable  observer,  and  have 
planted  them.  I  sent  you  by  mail  two  specimens  with  roots  and  a  pair 
of  cuttings.  I  hope  you  have  received  them.  Since  the  white  varieties  are 
observed  quite  often  in  the  vicinity  of  Fredericksburg,  (probably  only 
because  a  considerable  number  of  the  settlers  make  wine  themselves 
every  year)  and  since  I  surmise  that  also  the  non-climbing  rupestris 
grows  there  in  white  variety,  I  have  instructed  the  collector  to  also  send 
me  some  specimens  of  these. 

Vitis  candicans  and  several  other  Vitis  varieties  with  large  berries 
grow  all  over  in  the  granite  region,  therefore  grow  just  as  abundantly 
in  a  granite  location  as  in  the  lime  soil  of  the  chalk  formation.  Vitis 
monticola  does  not  occur  in  the  granite  region  but  only  in  the  limes¬ 
tone  region.  In  the  lime  region  the  white  or  light  red  variety  of  candi¬ 
cans  is  quite  rare,  however  here  in  the  granite  region  the  white  variety 
is  very  abundant.  The  people  up  here,  above  Fredericksburg,  (in  the 
granite  region)  make  wine  mostly  from  Vitis  candicans,  and  among 
others  from  fox  grapes.  Sugar  and  water  are  added.  Here  is  the  recipe: 
80  lbs.  brown  sugar  (some  used  cracked*  sugar;  however  the  brown 
kind  does  just  as  well)  for  one  barrel  of  40  gallons.  One  and  one-half 
barrels  of  grapes  are  pressed,  with  or  without  stems  in  a  trough.  Some 
sugar  and  water  is  sprinkled  over  the  pressed  grapes  in  order  to  acceler¬ 
ate  fermentation.  As  soon  as  the  spent  residue  rises,  the  juice  is  drawn 
off  into  a  barrel,  the  barrel  filled  with  water,  until  it  all  makes  40  gal¬ 
lons  and  the  rest  of  the  sugar  (from  the  30  lbs.)  is  added.  This  takes 
place  most  often  after  three  to  four  days,  reckoned  from  the  pressing. 
After  three  or  four  weeks,  the  wine  obtained,  which  has  not  fully  fer¬ 
mented,  is  tapped  over  to  a  different  clean  barrel,  whereby  much  sedi¬ 
ment  remains  in  the  first  barrel.  The  beverage  tapped  into  the  new  bar¬ 
rel  simply  remains  open  until  it  has  fully  finished  fermenting,  and  is 
then  drawn  into  bottles.  At  Fredericksburg  the  wine  is  made  mostly 
from  the  Vitis  monticola  grapes,  to  which  sugar  and  water  are  added. 


*The  German  word  on  the  original  is  unclear.  It  appears  to  translate  as  “cracked”. 
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However  since  there  is  a  genuine  rush  to  get  these  grapes,  they  are 
often  torn  off  unripe.  Whoever  is  used  to  wine  can  become  quite  intox¬ 
icated  from  one  bottle.  Whoever  is  not  used  to  it,  even  from  a  half  bot¬ 
tle.  Furthermore,  a  much  better  wine  could  be  made  from  monticola,  if 
the  people  would  let  the  grapes  fully  ripen.  I  bought  such  wine  made 
from  fully  ripe  monticola  and  without  any  sugar,  from  a  man  on  the 
Balcones  (tributary  of  the  Cibolo)  in  the  chalk-formation,  which  was 
somewhat  sweet,  dark  red  almost  black,  and  really  tasted  like  Bur¬ 
gundy,  also  was  so  strong  that  one  glass  made  one  fairly  intoxicated. 
Of  cultivated  grapes  near  Fredericksburg  mostly  only  Black  Spanish 
and  Concord  are  grown,  also  some  wine  is  made  from  them.  As  I  have 
already  mentioned  to  you  earlier,  the  origin  of  Black  Spanish  is 
unknown.  Presumably,  like  the  El  Paso,  it  originally  came  from  Spain 
and  probably  was  cultivated  by  the  monks  in  the  missions.  I  have 
already  sent  you  some  cuttings  of  both.  Did  they  grow?  El  Paso  cer¬ 
tainly  is  Vitis  vinifera.  With  Black  Spanish  I  am  in  doubt,  because  the 
root  is  less  delicate,  one  might  rather  say  woody,  hard  and  tough,  as 
with  the  indigenous  grapes.  Both  have  rare  grapes,  i.e.,  without  foxy 
smell  and  taste,  like  European  table  grapes.  Of  Black  Spanish,  every 
year  1,000,000  cuttings  are  sent  to  France.  It  is  the  only  reliable  culti¬ 
vated  grape  which  thrives  without  irrigation,  and  has  regular  harvests 
for  Texas.  The  other  grape  varieties  need  irrigation  in  order  to  produce 
dependable  harvests  each  year.  The  El  Paso  often  suffers  from  dry-rot, 
perhaps  only  because  it  is  not  irrigated  as  at  El  Paso,  where  it  regularly 
bears  and  does  not  get  dry-rot. 

You  ask  if  the  people  at  Fredericksburg  make  wine  only  from  mon¬ 
ticola  or  also  from  rupestris  or  both.  I  presume  mostly  from  monticola, 
often  also  mixed,  if  I  depend  on  the  descriptions,  because  according  to 
the  descriptions  they  also  gather  the  grapes  from  the  shrub-like  plants, 
which  do  not  climb.  With  certainty  I  express  myself  about  them  only 
after  I  myself  have  seen  the  described  shrub-like  ones.  Phylloxera  has 
up  to  now  not  been  observed  on  El  Paso  nor  on  other  grape  vines,  cer¬ 
tainly  not  on  Black  Spanish. 

How  little  reliability  can  be  placed  on  the  remarks  of  amateurs  and 
otherwise  fairly  intelligent  people  could  again  be  seen  with  regard  to 
the  allegedly  completely  new  variety  of  grape  vine,  of  which  only  one 
kind  is  supposed  to  occur  wild  above  the  Llano.  Some  time  ago  I  sent 
you  some  cuttings.  We  named  it  Durst  grape  after  the  discoverer.  It  was 
stated  that  it  tasted  as  sweet  and  fine  as  the  finest  European  table 
grapes,  without  pulp,  without  foxy  taste  and  smell.  After  trying  for 
three  years,  this  year  for  the  first  time  I  obtained  the  ripe  fruits.  They 
were  dark  black,  not  larger  than  a  large  pea,  thus  not  nearly  half  as 
large  as  the  Mustang  grape  ( candicans )  and  taste  somewhat  sweeter, 
otherwise  just  like  other  fox  grapes  with  foxy  smell  and  taste  and  pulp. 
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The  leaf  is  smooth,  shiny  green  and  on  the  underside  is  not  covered 
with  white  hairs,  but  smooth.  So  that  was  the  essential  point  of  the 
matter,  I  hope  that  the  cuttings  grew  at  your  place.  They  have  at  my 
place. 

Opuntia  Davisii  has  real  pretty,  yellow-green  flowers,  as  you  cor¬ 
rectly  remarked.  I  was  in  doubt  if  you  could  tell  from  my  somewhat 
poorly  dried  specimens.  Today  I  am  sending  you  by  mail  a  box  full  of 
fruits  of  Opuntia  Davisii.  Unfortunately  not  all  of  them  are  fully  ripe 
and  yellow,  because  I  could  not  collect  them  myself.  Perhaps  you  will 
find  some  seed  in  them  anyway,  which,  however,  appear  to  be  very 
small.  If  these  should  not  be  sufficient  for  examination  I  will  again 
have  much  riper,  yellow  ones  gathered.  It  appears  that  the  seeds  are 
infinitely  small,  or  are  they  missing  entirely? 

Mr.  Dapperich  of  Belleveille,  Ill.,  told  me  that  he  believes  that  from 
second-hand  book  stores  in  St.  Louis  one  can  procure  inexpensively  the 
complete  “Botany  of  Torrey,”  a  part  of  Emory’s  Mex.  Boundary  Sur¬ 
vey.  I  would  like  to  have  5  or  more  if  they  are  available.  I  already  have 
the  “Cactacea.”  Could  you  perhaps  ascertain  in  St.  Louis  if  the  respec¬ 
tive  volume  of  Emory’s  Mex.  Boundary  Survey  is  available,  and  let  me 
know  at  what  price.  Then  I  will  send  the  money  at  once.  Supposedly 
many  representatives  and  senators  have  received  these  volumes  and 
given  them  to  the  children  as  toys  or  picture  books,  and  possibly  also 
sold  them.  Then  probably  used  copies  could  be  obtained. 

The  following  varieties  of  grapes  I  grow,  other  than  the  native  wild 
ones: 

1.  El  Paso 

2.  Black  Spanish 

3.  Merrimack 

4.  Agawam 

5.  Concord 

6.  Barry 

7.  Salem 

8.  Hartford  prolific 

9.  Charletas 

10.  Goethe 

11.  Martha 

12.  Elvira 

13.  Scuppernong 

14.  Joe’s  seedling 

15.  Cunningham 

16.  Norton’s  Virginia 

17.  Massasoit 

18.  Venango 
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19.  Lindley 

20.  North  Carolina 

21.  Hermann 

22.  Cottage 

23.  Perkins 

24.  Cape  Good  Hope 

25.  Gutedel 

26.  Porlington  [?] 

with  more  or  less  success. 


Respectfully,  your  faithful, 
J.  O.  Meusebach 


PART  II 

The  second  episode  in  this  chain  of  events  was  the  publication  of  an 
article,  “The  Comanche  Spring  Site,”  in  La  Tierra  (Journal  of  the 
Southern  Texas  Archaelogical  Association),  Vol.  6,  No.  3:  10-17,  1979. 
The  definite  acreage  and  location  of  Meusebach’s  Comanche  Spring 
property,  used  by  Lindheimer  to  make  his  plant  collections,  is  set  forth 
in  this  publication.4 

PART  III 

It  was,  as  stated,  on  the  Comanche  Spring  property  and  the  environs 
of  New  Braunfels  that  Lindheimer  found  the  plants  and  prepared  the 
herbarium  specimens  which  he  sent  in  fascicles  to  the  Missouri  Botani¬ 
cal  Gardens,  St.  Louis,  Missouri. 

The  Baylor  University  Biology  Department  Herbarium  has  a  fascicle 
of  279  of  these  Lindheimer  Plants.  Each  specimen  has  a  label  with  an 
assigned  number  (652-1283  with  some  omissions),  family,  scientific 
name,  date,  site  and  collector’s  name.  The  dates  range  from  1848  to 
1853,  the  sites  are  Comanche  Spring  and  New  Braunfels,  and  the  collec¬ 
tor,  Ferdinand  Lindheimer. 


4In  November  of  1847,  .  .  .Meusebach  purchased  2577  acres  of  land  in  the  Salado  Creek 
basin  from  Nathaniel  Lewis,  including  Comanche  Spring. 

During  this  period  from  1847  to  1853,  Meusebach  lived  quietly  on  his  ranch  at 
Comanche  Spring.  He  was  visited  there  by  the  naturalist  Ferdinand  Lindheimer  in  1849, 
and  many  specimens  Lindheimer  collected  are  labeled  as  having  been  found  at 
Comanche  Spring  (King  1967:141). .  .  .  He,  Meusebach,  had  several  persons  helping  him 
with  the  ranch,  among  them  a  “farm  overseer,”  and  the  family  of  Englebert  Kraus- 
kopf . .  . . 
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The  fact  that  Dr.  Lula  Pace  (the  author  was  her  student)  referred  to 
this  fascicle  of  plants  as  the  “Schimper  collection”5  indicates  that  she 
procured  it  in  exchange  for  a  collection  of  plants  from  the  Waco  area. 

The  specimens  are  in  excellent  condition,  and  each  has  been  photo¬ 
graphed  recently. 
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Department  of  Biology 
Pan  American  University 
Edinburg,  TX  78539 

ABSTRACT 

The  reproductive  ecology  of  female  Holbrookia  propinqua  from  Brazos  Island,  Texas 
was  studied  from  April  through  October,  1979.  Salient  aspects  of  the  reproductive  ecology 
of  populations  from  Brazos  Island  (actually  a  spit),  South  Padre  Island  and  the  Texas 
mainland  were  compared.  The  reproductive  season  on  Brazos  Island  extended  from  April 
through  September.  Clutch  size  of  107  females  ranged  from  2  to  5  eggs  (X  =  3.2).  Most 
females  probably  produced  3  clutches  of  eggs.  There  was  a  significant  positive  correlation 
between  clutch  size  and  clutch  weight  of  lizards  with  shelled  eggs,  indicating  that  an 
equal  amount  of  energy  was  expended  per  egg  rather  than  an  equal  amount  of  energy 
per  clutch.  There  was  a  significant  inverse  correlation  between  clutch  size  and  date  of 
collection,  showing  that  clutch  size  decreased  as  the  reproductive  season  progressed.  This 
apparently  was  due  to  smaller  females  producing  eggs  during  the  latter  part  of  the 
reproductive  season  because  SVL  was  also  inversely  correlated  with  date  of  collection. 

Mean  clutch  size  of  females  on  Brazos  Island  and  South  Padre  Island  was  identical,  but 
Texas  mainland  females  had  significantly  larger  clutches  than  both  island  populations. 
Onset  of  reproductive  activity  occurred  about  a  month  earlier  in  the  Texas  mainland 
population  than  in  either  island  population,  but  minimum  size  (SVL)  at  sexual  maturity 
was  similar  in  all  three  populations.  Reproductive  activity  may  be  delayed  in  island 
populations  because  of  cooler  temperatures  and  greater  rates  of  convective  cooling  due  to 
proximity  to  the  Gulf  of  Mexico.  Variation  in  the  synchrony  of  reproductive  events 
among  island  populations  may  be  due  to  differential  survial  of  early  or  late  clutches, 
resulting  in  differences  in  age  structure  of  local  populations.  Variation  in  SVL  among 
island  populations  is  as  great  as  that  between  the  Texas  mainland  and  any  island 
population.  The  land  connection  of  the  spit  (Brazos  Island)  has  not  produced  a  greater 
variety  of  competitors  and  predators  than  exists  on  South  Padre  Island.  Difference  in 
clutch  size  of  island  and  mainland  populations  primarily  reflects  genetic  adaptation  to 
different  selective  regimes,  but  variation  in  clutch  frequency  may  largely  be  due  to 
variation  in  proximate  factors  such  as  temperature  and  food  supply. 

INTRODUCTION 

A  chain  of  barrier  islands  and  spits  extend  along  the  gulf  coast  of 
Texas  and  Mexico  from  Galveston  to  Tuxpan.  The  habitats  of  these 
islands  and  spits  are  similar,  consisting  primarily  of  a  sand  substrate 
and  essentially  one-layered  vegetation  of  herbs,  grasses  and  low  shurbs. 
Few  reptiles  occur  on  the  barrier  islands  and  spits,  but  from  Corpus 
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Christi  southward  the  keeled  earless  lizard,  Holbrookia  propinqua,  is 
abundant  (Selander  et  al.  1962;  Judd  1976).  Judd  (1976)  and  Judd  and 
Ross  (1978)  reported  that  mean  clutch  size  of  females  from  South  Padre 
Island,  Cameron  County,  Texas  showed  no  significant  variation 
between  years.  However,  clutch  size  of  a  Texas  mainland  population, 
less  than  100  km  to  the  west,  varied  significantly  between  years  and  was 
significantly  larger;  X  =  3.21 — island,  4.65 — mainland  (Judd  and  Ross 
1978).  The  difference  in  clutch  size  was  not  due  to  mainland  females 
being  larger  than  island  females;  in  fact,  the  reverse  was  true  (Judd  and 
Ross  1978).  Judd  (1976)  provided  evidence  that  H.  propinqua  from  the 
Texas  mainland  lay  four  clutches  of  eggs  per  reproductive  season  while 
South  Padre  Island  lizards  lay  only  three.  The  greater  clutch  size  and 
frequency  of  the  Texas  mainland  population  results  in  a  reproductive 
potential  almost  double  that  of  the  South  Padre  Island  population 
(Judd  1976;  Judd  and  Ross  1978). 

Thus,  information  is  available  on  variation  in  clutch  size  among 
years  within  an  island  population  and  between  island  and  mainland 
populations,  but  little  data  is  available  on  variation  in  most  salient 
aspects  of  the  reproductive  ecology  of  different  island  populations.  Two 
lines  of  evidence  suggest  that  variation  may  be  considerable:  1)  Judd 
(1973)  found  approximately  a  month  difference  in  the  onset  of  repro¬ 
ductive  activity,  in  the  same  year,  between  local  populations  on  South 
Padre  Island  (26.1  km  apart).  2)  females  from  Brazos  Island  (a  barrier 
spit  immediately  south  of  Padre  Island)  had  a  significantly  large  mean 
clutch  size  than  lizards  from  South  Padre  Island  (Judd  1973). 

The  purpose  of  this  study  was  to  provide  data  on  the  reproductive 
ecology  of  female  Holbrookia  propinqua  from  Brazos  Island,  Texas 
and  to  compare  salient  aspects  among  South  Padre  Island,  Brazos 
Island  and  Texas  mainland  populations.  Climate  of  the  three  popula¬ 
tions  is  similar  (N.O.A.A.  Local  Climatological  Data  Annual  Sum¬ 
mary,  1969,  1970,  1971,  1975,  1979  for  Port  Isabel,  representing  island; 
and  Raymondville,  representing  mainland)  and  all  occur  in  a  single 
geographic  area;  thus,  differences  in  reproductive  ecology  among  the 
populations  are  not  likely  attributable  to  differences  in  latitudinally 
associated  physical  factors.  Therefore,  this  study  should  demonstrate 
which  reproductive  parameters  show  the  greatest  variability  and  it 
should  help  to  determine  which  biotic  factors  are  of  primary  impor¬ 
tance  in  producing  this  variability. 

MATERIALS  AND  METHODS 

Female  Holbrookia  propinqua  from  Brazos  Island,  Cameron  County, 
Texas  were  collected  biweekly  (using  a  pellet  gun)  from  April  through 
October,  1979.  Lizards  were  placed  in  tightly  sealed  plastic  bags  and 
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Table  1.  Comparison  of  reporductive  condition  of  H.  propinqua  females  from  Brazos 
Island,  Texas  among  months.  Numbers  are  individuals  in  a  category. 


Months 

Reproductive  Category 

April 

May 

June 

July 

August 

September 

October 

Nonvitellogenic  Follicles 

5 

1 

6 

11 

Vitellogenic  Follicles 
Vitellogenic  Follicle 

3 

15 

16 

6 

5 

7 

and  Corpora  Lutea 
Nonvitellogenic  Follicles 

5 

13 

3 

3 

and  Corpora  Lutea 

2 

14 

Oviducal  Eggs 

1 

5 

4 

1 

2 

5 

Total  (Sample  Size) 

9 

21 

25 

22 

10 

35 

11 

transported  to  the 

laboratory 

on 

ice. 

At  autopsy  snout-vent 

length 

(SVL)  was  measured  to  the  nearest  mm,  body  weight  was  taken  to  0.001 
g  on  a  Mettler  PI 63  balance,  and  the  numbers  of  vitellogenic  follicles, 
oviducal  eggs,  and  corpora  lutea  were  recorded.  Vitellogenic  follicles 
and  oviducal  eggs  were  measured  to  0.05  mm  using  Helios  dial  calip¬ 
ers,  then  weighed  to  0.001  g.  Frequency  of  tail-breaks  was  recorded  and 
used  as  an  indirect  measure  of  predation  pressure. 

Statistical  procedures  employed  were  those  of  Sokal  and  Rohlf  (1969), 
with  a  =  0.05.  Throughout  the  text,  means  are  given  ±  one  standard 
error. 


RESULTS 
Size  at  Maturity 

The  size  of  107  reproductively  active  females  ranged  from  42  to  54 
mm  SVL  (X  =  48.6  ±  0.23).  In  April,  only  females  greater  than  50  mm 
SVL  were  reproductively  active,  but  in  May  females  as  small  as  44  mm 
SVL  were  reproductively  active.  The  smallest  sexually  mature  female 
was  42  mm  SVL,  but  only  one  of  three  females  measuring  42  mm  was 
reproductively  active.  Thus,  the  modal  size  at  onset  of  sexual  maturity 
is  44-45  mm. 

Clutch  Frequency 

Table  1  provides  a  comparison  of  the  reproductive  condition  of 
females  among  months.  Ovaries  of  immature  females  contained  8  to  14 
transparent  follicles  approximately  0.2  to  1.0  mm  in  diameter.  Vitello¬ 
genic  follicles  were  first  observed  on  12  April,  but  most  females  prob¬ 
ably  begin  vitellogenesis  during  late  April  or  early  May,  because  only 
44%  of  the  April  sample  was  reproductively  active  while  95%  of  the  May 
sample  was  reproductively  active  (i.e.,  contained  vitellogenic  follicles  or 
oviducal  eggs).  Reproductively  active  females  were  last  taken  on  23  Sep¬ 
tember.  Thus,  reproductive  activity  extends  for  at  least  164  days. 
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Three  lines  of  evidence  suggest  that  the  time  for  follicular  develop¬ 
ment  is  about  30  days:  1)  females  with  shelled  eggs  first  appear  in  the 
May  sample;  2)  similar  percentages  of  the  females  in  the  May  (71%), 
June  (84%),  July  (86%),  and  August  (80%)  samples  were  in  the  same 
reproductive  state,  i.e.  possessed  vitellogenic  follicles;  and  3)  in  August 
80%  of  the  females  had  vitellogenic  follicles,  while  in  September  57%  of 
the  females  were  post-reproductive. 

Three  females  contained  vitellogenic  follicles  and  oviducal  eggs 
simultaneously  indicating  that  females  produce  multiple  clutches. 
However,  follicular  development  of  succeeding  clutches  before  oviposi- 
tion  is  the  exception  rather  than  the  rule.  Apparently,  eggs  are  laid 
soon  after  the  shell  develops,  because  shelled  eggs  were  present  in  only 
16%  of  the  reproductively  active  females. 

Given  a  reproductive  season  of  164  days  and  30  days  between 
clutches,  5  clutches  could  be  produced.  However,  it  is  probable  that 
most  females  lay  fewer  than  5  clutches  of  eggs.  A  majority  of  the 
females  are  not  reproductively  active  until  early  May  and  57%  of  the 
September  sample  was  post-reproductive.  Also,  all  three  females  that 
contained  oviducal  eggs  in  September  were  small  (42,  45  and  46  mm 
SVL)  and  probably  were  late-maturing  individuals.  These  observations 
suggest  that  the  reproductive  season  for  a  majority  of  the  population  is 
about  120  days  long.  Therefore,  most  females  probably  lay  no  more 
than  4  clutches. 

Clutch  Size  and  Reproductive  Potential 

Judd  (1976)  showed  that  clutch  size  in  H.  propinqua  could  be  esti¬ 
mated  by  counting  the  number  of  vitellogenic  follicles,  oviducal  eggs, 
or  corpora  lutea.  Clutch  size  of  the  Brazos  Island  population  ranged 
from  2  to  5  eggs,  with  a  mean  of  3.17  +  .05  (Fig.  1).  Seventy-one  per¬ 
cent  of  the  females  had  a  clutch  of  3  eggs.  There  was  a  significant  posi¬ 
tive  correlation  (r  =  .421,  105  df,  P  <  .001)  between  clutch  size  and  SVL 
(Fig.  2)  indicating  that  larger  females  lay  larger  clutches.  There  was  a 
significant  inverse  correlation  between  clutch  size  and  date  of  collection 
(r  =  —.432,  105  df,  P  <  .001)  showing  that  clutch  size  decreased  as  the 
reproductive  season  progressed.  This  may  have  been  due  to  smaller 
females  producing  eggs  toward  the  end  of  the  season,  because  SVL  was 
also  inversely  correlated  with  date  of  collection  (r  =  —.326,  105  df,  P  < 
.001).  This  suggests  that  many  females  producing  clutches  late  in  the 
repoductive  season  are  late  maturing  individuals. 

Given  a  mean  clutch  size  of  3.2  and  a  frequency  of  4  clutches  per 
season,  the  annual  reproductive  potential  of  H.  propinqua  on  Brazos 
Island  is  12-13  eggs  per  female.  Because  samples  late  in  the  reproduc¬ 
tive  season  are  comprised  primarily  of  small,  presumably  late  maturing 
females,  it  is  likely  that  many  females  lay  only  3  clutches  for  a  repro¬ 
ductive  potential  of  9-10  eggs. 
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1  2  3  4  5  6 

CLUTCH  SIZE 

Figure  1.  Frequency  of  clutch  sizes  for  the  Brazos  Island  population  of  H.  propinqua;  N 
=  107. 

Figure  3  shows  the  relationship  between  clutch  size  and  clutch 
weight  of  females  with  shelled  eggs.  There  was  a  significant  positive 
correlation  (r  =  .89,  15  df,  P  <  .001)  indicating  that  an  equal  amount 
of  energy  is  expended  per  egg  rather  than  an  equal  amount  of  energy 
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Figure  2.  Least-squares  regression  for  clutch  size  vs  SVL  of  H.  propinqua.  Circled 
numbers  represent  numbers  of  females. 
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Figure  3.  Least-squares  regression  for  clutch  size  vs  clutch  weight  (shelled  eggs)  of  H. 
propinqua ;  N  =  17  and  4  points  represent  duplicate  plots. 


per  clutch.  Clutch  weight  averaged  18%  ±  .006  (range  15-22%)  of  total 
body  weight. 

Geographic  Variation  in  Reproductive  Parameters 

Table  2  provides  a  comparison  of  SVL,  clutch  size,  minimum  size  at 
sexual  maturity,  length  of  the  reproductive  season,  and  clutch  fre¬ 
quency  among  Brazos  Island,  Padre  Island,  and  Texas  mainland  popu¬ 
lations.  Size  at  sexual  maturity  was  similar  in  all  three  populations. 
Mean  SVL  of  Brazos  Island  and  Texas  mainland  females  was  similar  (t  = 
0.473,  178  df,  P  <  .1).  Padre  Island  females  were  significantly 
larger  in  SVL  than  Brazos  Island  females  (t  =  5.590,  222  df,  P  <  .001) 
and  Texas  mainland  females  ( t  —  4.331,  188  df,  P  <  .001).  Mean  clutch 
size  of  Brazos  Island  and  Padre  Island  females  was  identical.  Texas 
mainland  females  had  significantly  larger  clutches  than  both  Brazos 
Island  females  (t  =  14.437,  180  df,  P  <  .001)  and  Padre  Island  females  ( t 
=  14.045,  192  df,  P  <  .001).  There  was  considerable  variation  in  length 
of  the  reproductive  season.  The  markedly  longer  reproductive  season  of 
mainland  females  is  based  on  a  known  initiation  date  of  March  24;  the 
end  of  the  season  is  not  known  with  certainty,  but  is  estimated  to  occur 
about  September  15  (i.e.  same  time  as  Padre  Island  population).  The 
data  suggest  that  time  required  for  follicular  development  is  similar 
(about  30  days)  in  the  three  populations;  thus,  clutch  frequency  (for  a 
majority  of  the  females)  is  either  3  or  4. 
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DISCUSSION 

Inter-year  variability  in  climate  may  underlie  some  of  the  differences 
between  populations  in  reproductive  traits.  Nevertheless,  it  is  clear  that 
females  of  both  island  populations  reach  sexual  maturity  in  the  spring 
following  hatching  the  previous  summer  or  fall.  Onset  of  reproductive 
activity  occurs  markedly  earlier  in  Texas  mainland  females  than  in 
either  island  population,  but  minimum  size  at  sexual  maturity  is  sim¬ 
ilar  in  all  three  populations.  The  later  date  of  initiation  of  reproductive 
activity  in  the  island  lizards  may  reflect  cooler  temperatures  due  to  the 
prevailing  on-shore  winds  from  the  Gulf  of  Mexico  and  the  greater 
convective  cooling  resulting  from  the  close  proximity  to  the  stiff 
breezes.  Variation  in  length  of  the  reproductive  season  between  island 
populations  is,  probably,  largely  due  to  annual  temperature  variation; 
cool  spring  temperatures  could  delay  onset  of  activity  of  the  lizards, 
thus  retarding  onset  of  reproduction.  However,  Judd  (1973)  showed 
that  local  populations  on  South  Padre  Island  varied  by  as  much  as  a 
month  in  the  synchrony  of  reproductive  events  in  a  given  year.  Varia¬ 
tion  among  the  island  populations  may  be  due  to  differential  survival 
of  early  or  late  clutches,  resulting  in  a  difference  in  age  structure  of 
local  populations.  For  example,  there  is  considerable  variation  in  topo¬ 
graphy  on  South  Padre  Island  (Judd  1976;  Judd  et  al.  1977)  and  lizards 
are  principally  associated  with  pioneer  communities  on  the  margins  of 
washovers  and  in  secondary  dune  areas  (Judd  1976).  High  tides  caused 
by  tropical  disturbances  or  storms  may  innundate  clutches  deposited  in 
some  areas  (washovers),  but  not  in  others  (secondary  dunes).  Thus,  if 
the  first  clutch  of  the  year  is  lost  in  one  local  population,  but  not  in 
another,  reproductive  activity  should  occur  earlier  in  the  unaffected 
population.  Alternatively,  differences  in  age  structure  of  local  popula¬ 
tions  could  reflect  local  differences  in  number  or  efficiency  of  predators. 

All  lines  of  evidence  suggest  that  the  time  required  for  development 
of  a  clutch  is  similar  in  the  three  populations.  Thus,  variation  in  esti¬ 
mates  of  clutch  frequency  reflect  variation  in  length  of  the  reproductive 
season.  Evidence  that  females  produce  at  least  two  clutches  is  based  on 
the  simultaneous  occurrence  of  shelled  eggs  and  vitellogenic  follicles 
(Judd  1976;  Judd  and  Ross  1978;  this  study)  and  palpation  and  weight 
changes  of  marked  females  (Judd  1976).  Evidence  that  females  produce 
more  than  two  clutches  is  based  on  dividing  the  length  of  the  reproduc¬ 
tive  season  by  the  time  required  to  develop  a  clutch.  However,  Judd 
(1976)  stated  that  adult  numbers  began  to  decline  when  juveniles  began 
to  appear  in  the  South  Padre  Island  population  in  July.  Thus,  females 
producing  eggs  in  August  or  early  September  are  probably  late  matur¬ 
ing  females.  This  conclusion  is  supported  by  the  inverse  correlation 
between  body  weight  and  date  of  collection  that  we  obtained.  Based  on 
these  observations  we  think  that  most  island  females  lay  three  clutches 
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Table  3.  Comparison  of  dutch  size  among  years  and  populations.  Data  for  South  Padre 
Island  and  Texas  Mainland  are  from  Judd  and  Ross  (1978).  SD  =  one  standard  devia¬ 
tion. 


Clutch  Size 


South  Padre  Island  Brazos  Island  Texas  Mainland 


Year 

N 

X 

SD 

N 

X 

SD 

N 

X 

SD 

1969 

18 

3.16 

.62 

23 

3.52 

.73 

1970 

43 

3.11 

.62 

11 

5.27 

1.10 

1971 

33 

3.15 

.67 

32 

4.37 

.91 

1975 

25 

3.44 

.66 

32 

4.31 

.69 

1979 

107 

3.17 

.64 

Years  Combined 

119 

3.21 

.64 

130 

3.25 

.65 

75 

4.65 

.84 

of  eggs;  early  maturing  females  produce  clutches  in  May,  June  and 
July;  late  maturing  females  in  June-July,  July-August,  August- 
September. 

Variation  in  clutch  size  among  years  and  populations  is  shown  in 
Table  3.  Clutch  size  of  South  Padre  Island  females  did  not  vary  signifi¬ 
cantly  among  years  (F  [3,115]  =  .058,  P  >  .75).  Significant  between 
years  variation  in  the  Brazos  Island  (t  =  2.320,  130  df,  P  <  .05)  and 
Texas  mainland  (F  [2,72]  =  5.650,  P  <  .01)  populations  may  be  due  to 
small  sample  size  in  one  of  the  years,  i.e.  1969  for  Brazos  Island  and 
1970  for  the  Texas  mainland.  The  combined  annual  means  of  the  two 
island  populations  are  similar  (t  —  .488,  247  df,  P  >  .5).  Clearly,  the 
variation  in  clutch  size  between  island  populations  is  less  than  that 
between  the  mainland  population  and  either  of  the  island  populations. 

Selander  et  al.  (1962)  reported  a  mean  SVL  of  50.9  (SD  =  1.87)  for  14 
female  H.  propinqua  collected  from  the  Tamaulipan  barrier  island. 
Comparison  of  this  mean  with  those  provided  in  Table  2  reveals  that 
variation  in  SVL  among  island  populations  is  as  great  as  that  between 
the  Texas  mainland  and  any  island  population. 

Brazos  Island  is  actually  a  barrier  spit.  It  is  connected  to  the  main¬ 
land  near  the  mouth  of  the  Rio  Grande.  This  land  connection  could 
facilitate  easier  access  to  a  greater  number  and  variety  of  predators  than 
on  a  true  barrier  island.  If  this  were  so,  one  might  expect  predation 
pressure  to  be  higher  on  Brazos  Island  than  on  South  Padre  Island. 
Frequency  of  broken  tails  has  been  used  as  an  indirect  measure  of  the 
frequency  of  encounters  with  predators  (Pianka  1970;  Pianka  and 
Parker  1972;  Tinkle  and  Ballinger  1972).  Tail-break  frequency  for  107 
females  that  we  collected  on  Brazos  Island  was  14.6%.  Judd  (1976) 
reported  tail-break  frequencies  of  6.7%  (N  =  15)  for  Brazos  Island,  9.1% 
(N  =  287)  for  South  Padre  Island,  and  20.4%  (N  =  54)  for  Texas  main¬ 
land  females.  We  used  arcsine  transformation  in  testing  the  equality  of 
the  percentages  (Sokal  and  Rohlf  1969).  The  tail-break  frequency  we 
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obtained  for  Brazos  Island  females  was  not  significantly  different  from 
the  frequencies  for  South  Padre  Island  (t  —  1.51,  P  >  .1)  or  the  Texas 
mainland  ( t  -  .92,  P  >  .3).  Tail-break  frequency  of  the  Texas  mainland 
females  was  significantly  greater  than  the  frequency  for  South  Padre 
Island  females  (t  =  2.18,  P  <  .05).  Tail-breaks  can  result  from  intraspe¬ 
cific  fights,  but  aggressive  interaction  between  females  has  not  been 
seen  in  natural  encounters  (Judd  1976;  this  study).  Thus,  the  data  sug¬ 
gest  that  predation  pressure  on  Brazos  Island  is  not  significantly  higher 
than  on  South  Padre  Island. 

Access  to  the  barrier  islands  for  predators  or  competitiors  is  probably 
not  difficult  because  the  span  of  water  between  the  island  and  main¬ 
land  usually  is  1  km  or  less.  Also,  the  linear  extent  of  barrier  islands 
provides  a  large  area  to  reach  by  rafting.  We  think  that  the  easy  access 
to  the  barrier  islands  because  of  their  linear  configuration  and  close 
proximity  to  the  mainland  makes  the  land  connection  of  spits  relatively 
unimportant. 

The  data  obtained  in  this  study  support  the  conclusion  of  Judd  and 
Ross  (1978)  that  the  difference  in  mean  clutch  size  of  island  and  main¬ 
land  populations  primarily  reflects  genetic  adaptation  to  differing 
selective  regimes,  i.e.  predation  pressure  and  possibly,  interspecific  food 
competition  are  greater  in  the  mainland  population.  However,  clutch 
frequency  may  be  largely  dependent  on  variation  in  proximate  factors. 
Temperatures  in  spring  that  are  consistently  above  threshold  activity 
levels  probably  determine  time  of  onset  of  the  reproductive  season  and 
thus  the  length  of  the  reproductive  season.  Because  time  required  to 
develop  a  clutch  appears  to  be  relatively  constant,  the  length  of  the 
reproductive  season  determines  the  maximum  number  of  clutches  that 
can  be  produced  by  a  female.  Also,  low  insect  abundance  could  result 
in  females  taking  longer  to  build  up  the  fat  stores  that  are  used  to  yolk 
eggs,  thus  decreasing  clutch  frequency.  However,  females  may  consist¬ 
ently  produce  fewer  than  the  maximum  possible  number  of  clutches, 
requiring  frequent  weighing  of  large  numbers  of  marked  females  so  as 
to  determine  precisely  the  clutch  frequency. 
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ABSTRACT 

Diminishing  streamflows  in  the  Rio  Grande  below  El  Paso,  Texas,  can  be  understoood 
as  a  function  of  both  distant  and  local  influences.  Above  a  threshold  of  360  X  106  m3 
annual  flow  at  El  Paso,  streamflow  133  km  downstream  at  Fort  Quitman  is  a  strong  lin¬ 
ear  function  of  El  Paso  streamflow,  with  both  gages  responding  similarly  to  natural  and 
human  influences  focused  upstream  in  New  Mexico  and  Colorado.  During  low-flow 
years,  this  relationship  is  obscured  by  local  events  in  the  sub-basin  between  the  gages.  A 
recent  increase  in  the  frequency  of  low-flow  years  combined  with  large-scale  urbanization 
of  irrigated  lands  below  El  Paso  suggest  that  local  factors  are  becoming  more  important 
determinants  of  streamflow  variations  between  El  Paso  and  Fort  Quitman. 

INTRODUCTION 

Exotic  streams  flowing  through  arid  regions  are  notoriously  unde¬ 
pendable  sources  of  water.  Long-term  and  short-term  variations  in  rates 
of  flow  tend  to  increase  with  distance  downstream  from  wetter  source 
regions  as  streamflow  responds  to  natural  variations  in  the  amount  and 
timing  of  precipitation,  infiltration,  and  evaporation  (Cooke  and 
Warren  1973;  Mabbutt  1977).  In  many  desert  streams  this  natural  varia¬ 
bility  has  been  further  influenced  by  changes  in  the  seasonality  and 
volume  of  flow  because  of  the  construction  of  storage  reservoirs  and  the 
development  of  irrigation  projects  (Dixey  1966;  Peterson  1970). 
Recently,  rates  of  flow  have  been  further  modified  in  regions  such  as 
the  American  Southwest  by  watershed  changes  accompanying  rapid 
urbanization  (Bouwer  1979). 

One  prime  example  of  an  exotic  desert  stream  responding  to  natural 
and  man-made  impulses  is  provided  by  the  Rio  Grande  downstream 
from  El  Paso,  Texas  (Fig.  1).  Streamflow  records  at  Fort  Quitman,  133 
km  below  El  Paso,  exhibit  a  complex  pattern  of  long-term  and  short¬ 
term  fluctuations  over  the  period  of  record  from  1889  through  1979 
(Fig.  2).  Most  of  this  variation  is  undoubtedly  associated  with  changes 
in  the  amount  of  runoff  derived  upstream  from  El  Paso  in  southern 
Colorado  and  New  Mexico  where  the  river  has  been  used  and  at  times 
over-utilized  for  expanded  irrigation  since  the  late  nineteenth  century. 


An  earlier  version  of  this  paper  was  presented  at  the  Annual  Meeting  of  the  Association 
of  American  Geographers  in  Los  Angeles,  April  20,  1981. 
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Figure  1.  Sub-basin  of  the  Rio  Grande  watershed  between  stream  gages  at  El  Paso  and 
Fort  Quitman. 


A  much  lesser  portion  of  the  variation  may  be  associated  with  local 
runoff  generated  within  the  sub-basin  between  the  El  Paso  and  Fort 
Quitman  gages,  essentially  all  of  which  lies  within  the  Chihuahuan 
Desert  climatic  region  (Schmidt  1979).  However,  low  mean  annual  pre¬ 
cipitation  in  the  sub-basin  (isohyetal  method  for  period  1871-1978)  of 
258  mm  as  well  as  lack  of  well  defined  and  integrated  drainage  over 
many  of  the  sandier  portions  of  the  basin  make  any  assessment  of  this 
local  contribution  to  total  river  flow  problematical  (Regional  Land 
Resource  Plan  1976;  Flow  of  the  Rio  Grande  1978).  The  twentieth  cen¬ 
tury  has  also  seen  the  growth  of  irrigated  acreage  in  the  valley  between 
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Figure  2.  Five-year  moving  means  of  annual  runoff  in  the  Rio  Grande  at  El  Paso  and 

Fort  Quitman. 

El  Paso  and  Fort  Quitman  and,  more  recently,  the  spread  of  urbaniza¬ 
tion  south  from  El  Paso  and  neighboring  Ciudad  Juarez,  Chihuahua, 
Mexico.  Both  of  these  land-use  modifications  have  significantly  altered 
the  local  water  balance. 

The  purpose  of  this  research  is  to  assess  the  relative  contribution  of 
both  distant  and  local  factors  as  they  influence  annual  runoff  variations 
at  Fort  Quitman.  This  analysis  has  direct  economic  and  environmental 
implications  with  respect  to  the  availability  of  dependable  surface  water 
supplies  in  the  remote  portion  of  the  international  border  region  below 
Fort  Quitman  where  water  is  an  extremely  scarce  and  valuable  resource 
(Water  Resources  1970;  Lloyd  and  Schmidt  1980).  Ultimately,  this 
research  may  also  lead  to  a  better  understanding  of  the  broader  ques¬ 
tion  of  downstream  impacts  of  irrigation  and  urbanization  on  exotic 
streams  throughout  the  arid  West. 

DATA  AND  ANALYSIS 

Excellent  data  concerning  annual  streamflow  on  the  Rio  Grande 
were  obtained  from  the  published  reports  of  the  International  Boun¬ 
dary  and  Water  Commission  (IBWC)  headquartered  in  El  Paso  (Flow 
of  the  Rio  Grande  1931-1978;  unpublished  data  for  1979).  The  two 
principal  gages  located  at  El  Paso  and  at  Fort  Quitman  have  continu¬ 
ous  records  dating  back  to  1889.  Additional  data  from  IBWC  provided 
useful  measures  of  annual  precipitation  and  irrigated  acreage  for  the 
sub-basin  between  El  Paso  and  Fort  Quitman.  Other  information  con¬ 
cerning  drainage  patterns  and  urbanization  in  the  sub-basin  were 
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obtained  from  LANDSAT  imagery  and  from  aerial  photography  at  a 
scale  of  1:15,840,  as  well  as  from  both  U.S.  and  Mexican  topographic 
maps.  Despite  the  abundance  of  good  data  over  a  long  time  period, 
some  data  limitations  should  also  be  noted.  In  particular,  the  spacing 
of  gages  within  the  reach  between  El  Paso  and  Fort  Quitman  and  the 
complex  routing  of  irrigation  water  through  the  sub-basin  present 
serious  obstacles  to  any  deterministic  modeling  effort.  Instead,  this 
study  follows  the  general  recommendations  of  Haan  (1977)  by  employ¬ 
ing  a  combination  of  graphic,  cartographic,  and  regression  analyses 
which  are  more  compatible  with  the  strengths  of  the  data  and  the 
broad  water-resources  emphasis  of  this  study. 

Five-year  moving  means  are  used  to  display  temporal  trends  in 
runoff  at  El  Paso  and  Fort  Quitman  (Fig.  2).  Moving  means  smooth 
the  sporadic  year-to-year  variations  in  data,  thus  affording  a  clearer 
examination  of  significant  long-term  trends.  The  Rio  Grande  at  both 
gage  locations  has  experienced  a  long-term  decline  in  runoff  since  the 
early  twentieth  century.  The  relatively  sharp  reduction  in  flows  at  Fort 
Quitman  and  El  Paso  around  1915  coincides  with  the  closing  of  Ele¬ 
phant  Butte  dam  and  the  beginnings  of  modern  large  scale  irrigation 
in  the  valleys  below  the  dam  (Mueller  1975;  Clark  1978).  Prior  to  1915, 
irrigation  in  the  San  Luis  Valley  of  southern  Colorado  and  elsewhere 
in  the  Upper  Basin  had  resulted  in  a  decrease  of  runoff  during  the 
summer,  but  the  furious  spring  floods  still  flowed  relatively  undimin¬ 
ished  past  El  Paso  and  Fort  Quitman  (Hundley  1966;  Friedkin  1968). 
Once  the  dam  was  built,  the  spring  floods  were  captured  in  the  reser¬ 
voir  behind  the  dam  and  released  in  a  controlled  manner  to  the  newly 
formed  irrigation  districts.  The  amount  of  water  reaching  El  Paso  was 
diminished  by  increased  evaporation  from  the  reservoir  surface  and  by 
actual  diversions  for  irrigation  over  the  214  km  between  the  dam  and 
El  Paso.  Streamflow  past  El  Paso  was  then  reduced  by  diversions  to 
irrigation  in  the  reach  between  El  Paso  and  Fort  Quitman;  the 
remainder  was  further  reduced  by  infiltration  and  evaporation  until 
relatively  little  water  reached  Fort  Quitman  and  beyond. 

The  decline  at  Fort  Quitman  has  been  proportionately  greater  than 
that  at  El  Paso,  especially  after  1950.  This  coincided  with  a  period  of 
drought  throughout  the  Upper  Basin  of  the  Rio  Grande  and  an 
accompanying  increase  in  diversions  for  irrigation  far  upstream  in  the 
San  Luis  Valley  of  southern  Colorado  (Clark  1978;  Reynolds  and  Mutz 
1974).  The  severe  reduction  in  the  flow  of  the  river  upstream  from  Ele¬ 
phant  Butte  meant  that  releases  for  irrigation  had  to  be  reduced  and 
that  what  little  water  was  available  for  irrigation  in  the  study  reach  had 
to  be  used  as  completely  as  possible  ( Water  Resources  1970).  As  a  result, 
flow  in  the  river  dropped  off  sharply  with  distance  downstream  and 
Fort  Quitman’s  percent  of  the  flow  recorded  at  El  Paso  fell  to  the  low- 
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Figure  3.  Scatter  diagram  of  annual  runoff  at  El  Paso  (EPR)  and  annual  runoff  at  Fort 
Quitman  (FQR)  illustrating  a  weak  relationship  when  EPR  falls  below  360  X  106  m3, 
and  a  strong  relationship  with  no  apparent  change  over  time  when  EPR  exceeds  360 
X  106  m3. 

est  recorded  levels.  The  average  annual  flow  at  El  Paso  from  1951  to 
1969  was  reduced  to  41%  (305  X  106  m3)  of  the  average  annual  flow 
recorded  from  1915  to  1950.  At  Fort  Quitman  flow  plummetted  to  8% 
(26  X  106  m3)  of  the  average  flows  recorded  for  the  earlier  period. 
Though  Fort  Quitman  runoff  has  increased  slightly  since  1969,  it 
nevertheless  remains  well  below  pre-1951  volumes. 

The  patterns  illustrated  by  the  annual  streamflow  data  from  the  two 
gages  suggest  that  events  which  affected  the  magnitude  of  flow  reach¬ 
ing  El  Paso  had  a  larger  impact  on  flows  farther  downstream  at  Fort 
Quitman.  It  follows  that  the  magnitude  of  flow  at  Fort  Quitman  may 
be  expressed  as  a  function  of  the  magnitude  of  flow  at  El  Paso.  A  scat¬ 
ter  diagram  comparing  flow  magnitudes  for  the  two  gages  for  each  year 
from  1915  through  1979  shows  that  this  relationship  can  adequately  be 
expressed  by  two  linear  functions  of  sharply  differing  slope  which 
intersect  at  approximately  360  X  106  m3  annual  flow  at  El  Paso  (Fig.  3). 
Apparently,  this  empirically  derived  value  approximates  a  threshold 
above  which  flows  at  Fort  Quitman  are  closely  related  to  those  at  El 
Paso  according  to  the  following  regression  equation: 

FQR  =  (0.739)  EPR  -  242  (1) 

where  FQR  equals  the  annual  runoff  (106  m3)  at  Fort  Quitman  and 
EPR  equals  the  annual  runoff  (106  m3)  at  El  Paso.  The  strength  of  this 
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relationship  is  suggested  by  the  coeffiecient  of  determination  (r2)  value 
of  .861  (.01  significance)  which  indicates  that  86.1%  of  the  variance  in 
the  dependent  variable  (FQR)  can  be  related  to  similar  patterns  of  var¬ 
iance  in  the  independent  variable  (EPR).  The  slope  of  .739  measures 
the  rate  of  decline  in  the  relative  amount  of  water  reaching  Fort  Quit- 
man  after  infiltration,  evaporation,  and  net  diversions  have  diminished 
the  flow  of  the  river.  This  model  applies  to  values  as  high  as  1,100  X 
106  m3  at  El  Paso.  Only  one  extreme  value  of  1,920  X  106  m3  recorded 
in  1942  is  excluded  from  the  analysis  since  it  cannot  be  accommodated 
by  the  model  without  seriously  distorting  the  overall  trend.  Otherwise, 
there  is  no  obvious  pattern  in  the  residual  variation  when  measured 
against  either  the  magnitude  of  the  independent  variable  or  against 
time. 

The  unexplained  residual  variance  of  18.9%  is  at  least  partly  related 
to  runoff  entering  the  main  channel  from  tributaries  located  between 
the  two  principal  gages.  Although  adequate  data  for  runoff  generated 
within  the  sub-basin  does  not  exist,  some  indication  of  available  mois¬ 
ture  can  be  obtained  by  using  average  annual  sub-basin  precipitation  as 
a  second  independent  variable.  Multiple  regression  analysis  of  residual 
Fort  Quitman  streamflow  against  sub-basin  precipitation  after  first 
accounting  for  variation  associated  with  El  Paso  streamflow  yields  a 
partial  correlation  coefficient  of  .583  (.01  significance)  and  an  increase 
in  r2  from  .861  to  .908.  The  remaining  9.2%  residual  variation  is 
assumed  to  be  associated  with  various  random  and  unmeasured  factors, 
including  differences  in  the  amount  and  timing  of  runoff  within  any 
given  year. 

For  those  years  when  runoff  at  El  Paso  has  fallen  below  the  thre¬ 
shold  value  of  360  X  106  m3,  no  significant  statistical  relationship  exists 
between  the  two  gages.  The  slope  of  the  regression  equation: 

FQR  -  (0.0394)  EPR  +  1.86  (2) 

is  barely  observable,  while  no  confidence  can  be  placed  in  the  r  value  of 
.326.  This  extremely  weak  or  nonexistent  relationship  between  stream- 
flow  at  El  Paso  and  Fort  Quitman  during  low-flow  years  suggests  that 
the  natural  variability  in  evaporation,  infiltration,  and  the  timing  of 
runoff,  as  well  as  the  need  to  maximine  irrigation  diversions  all  com¬ 
bine  to  exert  a  proportionately  greater  impact  on  the  magnitude  and 
variability  of  runoff  downstream  at  Fort  Quitman  when  El  Paso  falls 
below  the  observed  threshold.  At  the  same  time,  variations  in  annual 
precipitation  and  associated  runoff  within  the  sub-basin  between  the 
two  gages  can  also  be  expected  to  exercise  a  proportionately  greater 
impact  on  flows  in  the  main  channel  during  these  low-flow  years. 
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The  dramatic  decline  in  the  slope  and  in  the  strength  of  the  relation¬ 
ship  from  equation  (1)  to  equation  (2)  suggests  that  any  attempt  to 
understand  the  variability  and  magnitude  of  runoff  at  Fort  Quitman 
must  take  into  account  the  causes  and  relative  likelihood  of  high-flow 
versus  low-flow  years.  Since  the  closing  of  Elephant  Butte  dam  in  1915 
and  the  resulting  abrupt  break  with  previous  years  in  river  regime  and 
total  volume  of  flow,  only  16  of  the  65  years  of  record  have  failed  to 
reach  the  threshold  value  of  360  X  106  m3  at  El  Paso.  The  remaining  49 
years  of  relatively  high  flow  have  accounted  for  an  impressive  97.8%  of 
the  total  recorded  flow  of  water  downstream  at  Fort  Quitman.  Since 
flow  at  Fort  Quitman  is  strongly  correlated  with  flow  at  El  Paso  dur¬ 
ing  these  high-flow  years,  it  appears  that  most  of  the  variation  in  flow 
at  Fort  Quitman  is  related  to  events  occurring  upstream  from  El  Paso. 
High  volumes  of  runoff  from  the  principal  tributaries  in  southern 
Colorado  and  New  Mexico  result  in  subsequent  large  releases  by  the 
Bureau  of  Reclamation  for  irrigation  or  for  flood  control  storage  capac¬ 
ity  preservation  either  from  Elephant  Butte  reservoir  or,  after  1938, 
from  Caballo  reservoir  located  immediately  downstream  from  Elephant 
Butte.  These  relatively  large  releases  produce  high  flows  at  El  Paso  and 
proportionately  high  flows  past  Fort  Quitman.  Conversely,  when  low 
volumes  of  runoff  from  above  El  Paso  cause  a  restriction  in  irrigation 
releases  to  the  point  where  flows  past  El  Paso  fall  below  the  360  X  106 
m3  threshold,  the  subsequent  effect  has  been  extremely  low  and  unpre¬ 
dictable  flows  past  Fort  Quitman. 

The  importance  of  upstream  events  influencing  both  the  probability 
of  high-flow  years  and  the  magnitude  of  runoff  during  those  years  does 
not  rule  out  altogether  the  need  to  consider  factors  which  have  influ¬ 
enced  runoff  variations  at  Fort  Quitman  during  low-flow  years.  It  is 
worth  noting;  that  all  16  of  the  low-flow  years  have  occurred  from  1951 
to  1979,  a  period  during  which  they  comprise  a  majority  of  the  29  years 
of  record  and  account  for  a  respectable  22.6%  of  total  flow  past  Fort 
Quitman.  Thus,  while  an  understanding  of  the  long-term  patterns  can 
rely  primarily  on  the  strong  relationship  between  runoff  entering  El 
Paso  from  above  and  that  reaching  Fort  Quitman,  an  appreciation  of 
recent  trends  requires  a  closer  look  at  those  events  associated  with  the 
sub-basin  between  El  Paso  and  Fort  Quitman  which  have  exerted  a 
disproportionately  large  impact  on  the  variability  of  runoff  at  Fort 
Quitman  during  low-flow  years. 

A  first  step  is  to  evaluate  the  contribution  of  tributary  runoff  within 
the  sub-basin  to  total  flow  of  the  main  channel.  Simple  regression 
analysis  using  sub-basin  precipitation  as  the  independent  variable  and 
Fort  Quitman  runoff  as  the  dependent  variable  yields  an  r2  value  of 
.307  (.05  significance)  for  low-flow  years.  The  inclusion  of  runoff  at  El 
Paso  now  becomes  appropriate  as  a  secondary  independent  variable, 
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with  an  increase  in  r2  to  .421  (.05  significance).  Although  this  model 
does  appear  to  identify  important  general  trends  in  the  data,  the  resid¬ 
ual  of  58%  unexplained  variance  indicates  the  critical  importance  of 
additional  factors. 

Changes  in  irrigation  and  urbanization  within  the  sub-basin  have 
undoubtedly  influenced  the  magnitude  of  runoff  at  Fort  Quitman  in 
recent  years.  There  has  been  a  reduction  in  irrigated  acreage  of  nearly 
50%  since  1950,  initially  due  to  the  reduced  availability  of  water  and 
more  recently  due  to  the  conversion  of  land  to  urban  uses.  This  decline 
in  irrrigated  acreage  may  be  associated  with  an  increase  in  runoff 
downstream  because  of  reduced  diversions,  but  the  conversion  of  irri¬ 
gated  farmland  to  urban  uses  may  have  had  an  even  greater  impact  on 
increased  streamflow  (Waananen  1969).  The  importance  of  urbaniza¬ 
tion  as  a  process  affecting  the  sub-basin  is  underscored  by  calculations 
made  from  recent  aerial  photographs  and  earlier  maps  which  show  an 
increase  in  urban  land  uses  surrounding  El  Paso  and  Ciudad  Juarez 
from  0.8%  of  the  sub-basin  in  1949  to  5.2%  in  1979,  and  an  even  more 
impressive  increase  in  floodplain  urbanization  from  3.4%  of  the  sub¬ 
basin  floodplain  in  1949  to  17.1%  in  1979  (Fig.  1).  The  spread  of 
urbanization  is  believed  to  have  produced  an  increase  in  local  runoff 
because  of  disturbance  and  paving  of  urban  surfaces,  construction  of 
flood-control  channels  in  sandy  desert  areas  which  previously  had 
poorly  developed  drainage  networks,  and  an  increase  in  the  volume  of 
sewer  outfalls  (Environmental  Report  1978;  Flow  of  the  Rio  Grande 
1950,  1978).  Channel  straightening  and  paving  for  purposes  of  flood 
control  and  boundary  preservation  along  the  Rio  Grande  in  the  vicin¬ 
ity  of  El  Paso  may  also  have  contributed  to  increased  streamflow.  It  is 
tempting  to  conclude  that  the  on-going  conversion  of  land  from  irriga¬ 
tion  and  open  desert  to  urban  occupance  is  responsible  for  the  observed 
slight  increase  in  steamflow  at  Fort  Quitman  after  1969.  However,  this 
interpretation  must  remain  tentative  pending  further  detailed  analysis. 

DISCUSSION 

The  variations  in  streamflow  of  the  exotic  Rio  Grande  that  have 
been  identified  in  this  study  have  direct  water  resource  implications. 
The  location  of  those  factors  which  most  influence  streamflow  variabil¬ 
ity  are  of  particular  importance.  Despite  the  dramatic  drop  in  annual 
runoff  in  the  reach  between  El  Paso  and  Fort  Quitman,  the  linear  rela¬ 
tionship  and  strong  correlation  between  the  two  gages  place  the  major 
influences  on  Fort  Quitman  upstream  from  El  Paso.  Thus  the  impacts 
of  upstream  variations  in  natural  runoff  as  well  as  in  human  activities 
related  to  storage  and  delivery  of  irrigation  water  are  fairly  regularly 
distributed  downstream,  though  with  a  proportionately  greater  impact 
on  streamflow  values  with  increased  distance  downstream.  Particularly 
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critical  are  upstream  events  which  cause  the  annual  flow  at  El  Paso  to 
fall  below  approximately  360  X  106  m3.  Below  this  threshold  value 
flows  at  Fort  Quitman  show  greater  variability  relative  to  El  Paso  and 
become  more  susceptible  to  local  infuences.  Annual  runoff  at  Fort 
Quitman  has  the  potential  to  drop  to  negligible  quantities  during 
those  years  when  El  Paso  fails  to  register  at  least  360  X  106  m3,  should 
low  runoff  conditions  also  prevail  in  the  sub-basin  between  the  two 
gages.  For  those  years  when  El  Paso  records  flows  above  the  threshold, 
flows  at  Fort  Quitman  tend  to  be  a  highly  dependable  function  of  the 
magnitude  of  El  Paso  runoff.  The  fact  that  low-flow  years  have  been 
concentrated  in  the  last  three  decades  does  mean  that  local  factors  can¬ 
not  be  ignored  altogether,  despite  the  obviously  greater  importance  of 
distant  influences.  These  local  factors  include  questions  of  increased 
urbanization,  flood  control  modifications  of  runoff  patterns,  and  a 
decline  in  irrigated  acreage. 

The  volume  and  dependability  of  runoff  in  an  arid  valley  such  as  the 
Rio  Grande  along  the  border  of  West  Texas  and  Chihuahua  have 
important  environmental  and  economic  implications.  Any  natural 
developments  or  human  decisions  which  restrict  the  flow  of  the  river 
over  an  extended  period  will  have  a  noticeable  and  possibly  long- 
lasting  impact  on  wildlife  habitat,  particularly  with  respect  to  migra¬ 
tory  waterfowl  (Rio  Grande  Boundary  1978).  There  would  also  be  a 
detrimental  impact  on  groundwater  recharge  with  direct  consequences 
for  the  marginal  irrigated  farms  which  line  the  narrow  bottomland  at 
irregular  intervals  below  Fort  Quitman  (Gates  et  al.  1978).  Periods  of 
low  flow  have  also  been  linked  to  increases  in  salt  contamination 
because  the  quantity  of  water  is  insufficient  for  adequate  flushing  and 
dilution  (Henderson  1968).  Whether  these  impacts  will  be  addressed  is 
problematical  since  the  Treaty  of  1906  and  the  Rio  Grande  Compact  of 
1938  which  regulate  the  distribution  of  river  water  in  the  Upper  Basin 
have  no  interest  beyond  Fort  Quitman,  whereas  the  1944  Water  Treaty 
which  regulates  the  distribution  of  water  below  Fort  Quitman  does  not 
attempt  to  regulate  the  volume  of  water  which  passes  from  the  Upper 
Basin  to  the  Lower  Basin  (Hill  1974;  Jordan  and  Friedkin  1967).  But 
one  last  category  of  impacts  that  does  transcend  the  Fort  Quitman 
demarcation  relates  to  the  role  of  the  Rio  Grande  as  an  international 
boundary.  Diminished  flows  raise  the  possibility  of  increased  aggrada¬ 
tion,  a  situation  which  may  ultimately  increase  the  potential  for  over¬ 
bank  flows  during  periods  of  storm  runoff.  Although  this  harzard  is 
restricted  to  reaches  affected  by  sedimentation  from  tributary  arroyos,  it 
is  potentially  serious  in  terms  of  the  resulting  difficulties  of  land  access 
and  of  proving  title  to  land  subject  to  uncertain  national  jurisdiction 
(Mueller  1975). 

In  recent  years  the  Rio  Grande  has  been  a  manageable  river  over  the 
reaches  below  El  Paso  and  Fort  Quitman.  However,  continued  signifi- 
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cant  fluctuations  in  the  volume  of  streamflow  suggest  that  care  needs  to 
be  taken  to  protect  and  perhaps  enhance  activities  that  are  dependent 
on  river  flow.  This  study  has  identified  the  critical  influence  of  events 
upstream  from  El  Paso  on  the  behavior  of  the  Rio  Grande  downstream 
at  Fort  Quitman  and  beyond,  as  well  as  the  potential  increase  in 
importance  of  more  localized  events. 
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NONGEOGRAPHIC  VARIATION  AND 
DISCRIMINATION  OF  SPECIES  WITHIN  THE 
PEROMYSCUS  LEUCOPUS  SPECIES  GROUP 
(MAMMALIA:  CRICETINAE)  IN  EASTERN  TEXAS 

by  MARK  D.  ENGSTROM,  DAVID  J.  SCHMIDLY, 
and  PATRICK  K.  FOX 

Department  of  Wildlife  and  Fisheries  Sciences 
Texas  A&M  University 
College  Station,  TX  77843 

ABSTRACT 

Morphological  differentiation  between  specimens  of  Peromyscus  leucopus  and  P.  gos - 
sypinus  from  eastern  Texas  was  assessed  using  univariate  and  multivariate  statistical  ana¬ 
lyses  of  external  and  cranial  measurements.  Analysis  of  nongeographic  variation  within 
each  species  revealed  significant  variation  due  to  age  for  each  character  in  each  species, 
but  little  significant  sexual  dimorphism.  Problems  in  indentification  of  certain  individu¬ 
als  were  circumvented  by  comparing  only  similar  age  groups  between  species.  Compari- 
sions  among  reference  groups  of  P.  gossypinus  and  P.  leucopus  and  specimens  previously 
regarded  as  natural  hybrids  demonstrated  that  the  latter  are  not  intermediate  between  the 
reference  groups  in  cranial  morphology. 


INTRODUCTION 

The  leucopus  species  group  of  the  subgenus  Peromyscus  (genus 
Peromyscus)  comprises  two  taxa,  P.  leucopus  (white-footed  mouse)  and 
P.  gossypinus  (cotton  mouse).  These  taxa  were  regarded  by  Zimmerman 
et  al.  (1978)  as  semispecies  (populations  that  have  acquired  some,  but 
not  all,  characteristics  of  species);  whereas,  Hooper  (1968)  regarded 
them  as  recently  diverged  sibling  species  (pair  of  closely  related  species 
that  nearly  are  identical,  morphologically).  Peromyscus  leucopus  is 
widely  distributed  throughout  much  of  the  wooded  habitats  of  North 
America,  whereas  P.  gossypinus  primarily  occurs  on  the  Gulf  Coastal 
Plain  of  the  southeastern  United  States.  The  two  taxa  are  broadly  sym- 
patric  in  northern  and  western  portions  of  the  range  of  P.  gossypinus, 
where  gossypinus  occurs  mainly  in  lowland  forests  associated  with 
periodic  flooding  and  leucopus  occupies  upland  forests  where  flooding 
is  uncommon  (McCarley  1954a,  1963). 

In  the  laboratory,  the  two  taxa  are  interfertile  and  produce  morpho¬ 
logically  intermediate  Fi  and  backcross  generations  (Dice  1937,  1940); 
however,  when  given  the  opportunity  for  assortative  mating,  no  appar¬ 
ent  hybrids  are  produced  (Bradshaw  1968).  Howell  (1921)  and  McCarley 
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(19546)  reported  natural  hybridization  in  Georgia  and  in  Texas  and 
Louisiana,  respectively,  based  on  purported  morphological  interme¬ 
diates.  McCarley  (19546)  noted  that,  although  occasional  hybrids 
apparently  were  produced  between  the  two  species  in  eastern  Texas, 
introgression  was  not  evident.  In  areas  of  sympatry  in  eastern  Texas, 
species  integrity  appears  to  be  maintained  by  habitat  selection  (McCar¬ 
ley  1963)  and  ethological  isolation  (McCarley  1964).  Based  on  morpho¬ 
logical  data,  McCarley  (19546)  reported  extensive  hybridization  and 
introgression  between  P.  gossypinus  and  P.  leucopus  in  Louisiana.  St. 
Romain  (1976),  however,  studied  geographic  variation  in  P.  gossypinus 
from  Louisiana  and  found  “no  noteworthy  breakdown  of  reproductive 
isolation.”  Price  and  Kennedy  (1980)  examined  genic  variation  at  14 
loci  within  and  between  the  two  taxa  from  Arkansas,  Mississippi, 
Oklahoma,  Tennessee,  and  Texas  and  found  no  evidence  of  introgres¬ 
sion. 

The  objectives  of  our  study  were  to  examine  nongeographic  variation 
in  P.  leucopus  and  P.  gossypinus  near  their  area  of  sympatry  in  eastern 
Texas,  and  to  determine  whether  or  not  the  specimens  described  as 
hybrids  by  McCarley  (19546)  actually  are  morphologically  intermediate 
when  similar  age  groups  are  compared.  External  morphology  of  the 
purported  hybrids  cannot  be  used  unambiguously  to  test  the  assertion 
that  hybridization  between  the  two  taxa  is  occurring  sporadically  in 
eastern  Texas  (see  discussion  by  Neff  and  Smith  1979),  but  can  be  used 
in  an  attempt  to  falsify  the  hypothesis  that  morphological  interme¬ 
diates  occur  in  the  zone  of  sympatry. 

MATERIALS  AND  METHODS 

We  examined  425  specimens  of  P.  gossypinus  and  102  of  P.  leucopus 
from  eastern  Texas,  housed  in  the  Texas  Cooperative  Wildlife  Collec¬ 
tion  (TCWC),  Texas  A&M  University,  and  the  Texas  Natural  History 
Collection  (TNHC),  University  of  Texas  at  Austin,  including  the  two 
presumed  natural  hybrids  (TNHC  2989  from  Nacogdoches  Co.  and 
2990  from  Henderson  Co.)  reported  by  McCarley  (19546).  A  complete 
list  of  specimens  examined  is  available  from  us  upon  request. 

Individual  specimens  were  assigned  to  one  of  six  age  classes  based  on 
the  height  of  the  upper  molars  and  the  relative  wear  on  the  pattern  of 
the  molariform  cusps,  as  follows:  age  class  one — M3  not  full  erupted, 
all  molar  cusps  conical;  age  class  two— M3  at  full  height  in  toothrow, 
little  or  no  wear  on  any  molars;  age  class  three — moderate  wear  on  M3, 
little  or  no  wear  on  Ml  and  M2;  age  class  four — moderate  wear  on  all 
molars,  pattern  of  cusps  on  M3  nearly  obliterated;  age  class  five— 
moderate  wear  on  Ml,  pattern  of  cusps  on  M2  nearly  obliterated,  pat¬ 
tern  of  cusps  on  M3  obliterated  and  M3  concave;  age  class  six— all 
molars  heavily  worn  and  concave,  pattern  of  cusps  obliterated. 
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Fourteen  measurements  were  recorded  for  each  specimen,  including 
those  used  by  McCarley  (1954 h)  to  identify  natural  hybrids  (primarily 
length  of  hind  foot  and  greatest  length  of  skull).  Total  length  and 
lengths  of  tail,  hind  foot,  and  ear  were  recorded  from  specimen  labels. 
Ten  cranial  measurements  were  taken  with  vernier  dial  calipers  and 
recorded  to  the  nearest  0.1  mm.  The  following  measurements  were 
taken  as  defined  by  Genoways  (1973):  greatest  length  of  skull  (GLS); 
length  of  rostrum  (LR);  length  of  nasals  (LN);  interorbital  constriction 
(IC);  zygomatic  breadth  (ZB);  length  of  maxillary  toothrow  (LMT); 
mastoid  breadth  (MB);  and  depth  of  skull  (DS).  Additionally,  we  took 
length  of  diastema  (LD)  as  the  distance  from  the  posterior  face  of  the 
incisor  to  the  anterior  face  of  Ml,  at  the  alveolar  surface,  and  length  of 
incisive  foramen  (LIF)  as  the  length  from  the  anteriormost  to  the  poste- 
riormost  projection  of  the  foramen. 

Initially,  we  assigned  each  specimen  that  could  be  identified  easily  to 
species  to  a  reference  sample  of  either  P.  leucopus  or  P.  gossypinus 
based  on  overall  size  and  visual  comparison  of  pelage.  Characters  that 
we  used  most  often  to  distinguish  the  two  species  were  the  small  size, 
short  body  length,  low  weight,  and  paler  coloration  of  P.  leucopus  as 
compared  to  P.  gossypinus  (Osgood  1909;  Davis  1974).  The  only  relia¬ 
ble  character  for  distinguishing  between  the  two  species  in  all  condi¬ 
tions  of  pelage  is  body  size  (especially  length  of  hind  foot)  and  size  of 
skull  (Osgood  1909).  Although  dorsal  coloration  of  P.  gossypinus  is 
almost  always  darker  in  unworn  pelage,  some  specimens  in  worn  pel- 
age  are  similar  to  P.  leucopus. 

There  was  considerable  geographic  variation  in  our  reference  sample 
of  P.  leucopus  from  East  Texas,  with  small  specimens  occupying  the 
western  (Brazos  Co.)  portion  of  the  region  and  large  specimens  occur¬ 
ring  in  the  eastern  and  northeastern  (Anderson,  Henderson,  Nacog¬ 
doches,  and  Newton  counties)  portions.  Accordingly,  we  divided  the  P. 
leucopus  reference  sample  into  two  groups,  P.  leucopus- B  (Brazos  Co.) 
and  P.  leucopus- L  (northcentral  counties).  The  P.  gossypinus  reference 
sample  is  from  Big  Thicket  National  Preserve  (Hardin,  Liberty,  Polk, 
and  Tyler  counties). 

Within-group  variation  was  assessed  for  reference  samples,  P. 
leucopus- B  and  P.  gossypinus  using  the  Statistical  Analysis  System 
(SAS;  Helwig  and  Council  1979).  SAS  Procedure  Means  was  used  to 
calculate  standard  statistics  (mean,  range,  standard  deviation,  and  coef¬ 
ficient  of  variation)  for  each  character  of  each  subgroup.  The  T-TEST 
procedure  was  used  to  test  for  significant  differences  (P  <  .05)  between 
sexes  in  each  age  class  within  each  reference  sample.  The  General  Lin¬ 
ear  Model  (GLM)  procedure  was  employed  to  test  for  significant  varia¬ 
tion  among  age  classes  within  each  species.  Subsequently,  a  Duncan’s 
Multiple  Range  Test  (Duncan)  was  used  to  determine  maximally  non- 
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significant  subsets  among  age  classes.  The  GLM  procedure  followed  by 
a  Duncan  test  also  was  used  to  test  for  significant  differences  among 
the  three  reference  samples. 

To  maximize  discrimination  among  reference  samples,  we  employed 
a  multivariate  stepwise  discriminant  function  analysis  using  the 
BMD07  program  of  the  BMD  Biomedical  Computer  Programs  (Dixon 
1973).  Among  other  functions,  this  program  calculates  discriminant 
function  coefficients  for  each  variable  used  to  classify  groups,  calculates 
an  F  matrix  and  U  statistic  to  test  the  hypothesis  of  equality  of  group 
means,  and  produces  a  classification  matrix  that  indicates  the  number 
of  specimens  properly  classified  into  the  a  priori  groups.  Subsequently, 
the  discriminant  results  are  summarized  visually  by  calculating  new 
canonical  variate  axes  and  plotting  each  specimen  relative  to  those 
axes.  Specimens  which  were  not  easily  assigned,  a  priori,  to  a  particu¬ 
lar  reference  sample  were  treated  as  “unknowns”  (for  a  lucid  discussion 
of  discriminant  procedures,  see  Neff  and  Marcus  1980:  145-171). 
Unknowns  included  the  two  presumed  hybrids  of  McCarley  (19545)  as 
well  as  two  additional  specimens  (TNHC  2655,  2779)  from  Anderson 
Co.  that  we  could  not  assign  easily  to  any  reference  sample. 

RESULTS 

Nongeographic  variation 

The  large  sample  of  P.  gossypinus  (N  =  425)  from  Big  Thicket 
National  Preserve  was  used  to  assess  age,  secondary  sexual,  and  indi¬ 
vidual  variation  in  that  species.  Although  the  nongeographic  sample  of 
P.  leucopus  ( P .  leucopus- B)  was  much  smaller  (N  =  73),  the  patterns  of 
variation  observed  in  this  species  were  comparable  to  those  obtained  for 
P.  gossypinus.  Consequently,  only  results  for  P.  gossypinus  are  pres¬ 
ented  herein.  Nongeographic  data  for  P.  leucopus-B  are  available  from 
us  upon  request. 

One  cranial  character  in  each  of  age  classes  I  and  II  (rostral  length 
and  greatest  length  of  skull,  respectively)  differed  significantly  between 
the  sexes  in  the  sample  of  P.  gossypinus .  Individuals  in  age  class  III 
were  significantly  sexually  dimorphic  in  tail  length  and  length  of  max¬ 
illary  toothrow.  There  were  no  significant  differences  between  sexes  in 
age  classes  IV,  V,  and  VI  in  the  four  external  and  10  cranial  measure¬ 
ments.  Because  so  few  measurements  differed  significantly  between 
sexes,  males  and  females  were  pooled  in  subsequent  analyses. 

Results  of  analysis  of  variation  among  age  classes  are  given  in  Table 
1.  Significant  variation  due  to  age  was  found  in  each  of  the  14  mea¬ 
surements.  As  expected,  measurements  tended  to  increase  with  age 
except  length  of  maxillary  toothrow,  which  remained  nearly  the  same 
after  eruption  of  the  third  molar.  Results  of  the  Duncan  analysis 
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revealed  that,  in  seven  of  10  cranial  measurements,  age  classes  I,  II,  III, 
and  IV  differed  significantly  from  one  another  and  from  age  classes  V 
and  VI,  which  formed  a  nonsignificant  subset.  Each  age  class  differed 
significantly  from  the  others  in  length  of  diastema,  and  age  classes  III 
and  IV  formed  the  only  nonsignificant  subset  for  interorbital  constric¬ 
tion.  External  differences  among  age  classes  were  less  consistent  than 
were  those  for  cranial  size,  although  differences  between  age  classes  V 
and  VI  usually  were  nonsignificant.  The  four  specimens  initially  classi¬ 
fied  as  unknowns  and  not  assigned  a  priori  to  either  P.  gossypinus  or 
P.  leucopus  (TNHC  2655,  2779,  2989,  and  2990)  were  representatives  of 
age  classes  IV,  V,  or  VI.  In  subsequent  comparisons  of  reference  groups 
and  unknowns,  age  classes  V  and  VI  were  pooled  and  age  class  IV  was 
analyzed  separately  based  on  our  analysis  of  variation  with  age. 

Coefficients  of  variation  (CVs)  for  the  14  measurements  within  each 
age  class  ranged  from  1.8  (mastoid  breadth,  age  class  I)  to  10.7  (  length 
of  tail,  age  class  I).  External  measurements  tended  to  have  higher  CVs 
than  cranial  measurements,  probably  due  to  differences  in  measuring 
techniques  among  preparators.  Based  on  these  results,  we  excluded 
external  measurements  in  later  analyses. 

Variation  among  reference  groups 

We  used  260  specimens  from  the  three  reference  groups  in  the  univar¬ 
iate  analysis  of  variation  of  the  10  cranial  characters  among  reference 
samples  for  age  groups  IV  and  V-VI  (Table  2).  Significant  variation 
due  to  group  assignment  was  found  for  each  character  in  each  age 
group.  Results  of  the  Duncan  procedure  revealed  that  the  sample  of  P. 
gossypinus  was  significantly  larger  in  every  cranial  measurement  than 
each  of  the  P.  leucopus  samples  in  both  age  groups.  However,  there 
was  mensural  overlap  in  all  characters  between  the  two  species  except 
depth  of  skull  in  age  class  IV.  The  two  P.  leucopus  samples  differed 
significantly  from  one  another  in  six  of  10  cranial  measurements  in  age 
class  IV  and  in  five  of  10  measurements  in  age  group  V-VI.  Cranial 
measurements  of  the  P.  leucopus- L  sample  usually  appeared  larger 
than  those  of  P.  leucopus -B,  although  the  mensural  ranges  of  each 
character  displayed  a  large  amount  of  overlap  between  the  two  P.  leu¬ 
copus  groups. 

Of  the  two  purported  hybrids  reported  by  McCarley  (19545),  one 
(TNHC  2990)  was  an  age  class  IV  individual  and  the  other  (TNHC 
2989)  belonged  to  age  group  V-VI.  Cranial  measurements  of  TNHC 
2990  fell  exclusively  in  the  range  of  P.  gossypinus  for  four  of  10  charac¬ 
ters  (including  depth  of  skull,  for  which  there  was  no  overlap  between 
the  two  species)  and  within  the  area  of  overlap  between  P.  gossypinus 
and  P.  leucopus  for  the  remaining  six  characters  (Table  2).  Measure¬ 
ments  of  TNHC  2989  fell  exclusively  in  the  range  of  P.  leucopus  for 


Table  1.  Age  variation  in  external  and  cranial  measurements  of  Peromyscus  gossypinus  from  Hardin,  Liberty,  Polk,  and  Tyler  counties,  Texas. 
Vertical  lines  alongside  age  classes  denote  nonsignificant  subsets  and  asterisks  after  F  statistics  indicate  level  of  significance  (**P  <  .01:  ***P  < 
.001). 
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Table  2.  Variation  in  cranial  measurements  among  reference  groups  (defined  in  text)  of  Peromyscus  gossypinus  and  P.  leucopus  for  age  class  IV 
and  age  group  V-VI.  Specimens  regarded  as  hybrids  by  McCarley  (1954b)  are  included  for  comparison  (TNHC  2990,  age  class  IV,  TNHC  2889, 
age  class  V-VI).  Vertical  lines  alongside  reference  samples  denote  non-significant  subsets.  Variation  among  reference  groups  was  significant  at 
P  <  .001  in  all  tests. 
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P.leucopus-B  I  19  9.9  (  8.7-10.5)  ±  0.17  3.8  P.leucopus-B  \  28  10.0  (  9.5-10.5)  ±  0.09  2.5 

Depth  of  skull 

P.  gossypinus  |  111  10.1  (  9.5-1 1.0)  ±  0.05  2.7  P.  gossypinus  |  132  10.4  (  9.7-1 1.1)  ±  0.04  2.3 
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P.leucopus-B  19  9.2  (  8.7-  9.4)  +  0.07  1.6  P.leucopus-B _ 28  9.4  (  8.8-10.0)  ±  0.13  3.6 
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five  of  10  cranial  measurements  and  within  the  area  of  overalp  between 
the  two  species  for  the  remaining  five  characters  (Table  2). 

Cranial  characters  in  order  of  decreasing  importance  as  discrimina¬ 
tors  in  the  discriminant  function  analysis  for  age  class  IV  were  greatest 
length  of  skull,  length  of  incisive  foramen,  length  of  maxillary  tooth- 
row,  depth  of  skull,  zygomatic  breadth,  length  of  diastema,  interorbital 
constriction,  mastoid  breadth,  length  of  nasals,  and  length  of  rostrum. 
For  age  group  V-VI  the  characters  in  decreasing  order  of  importance 
were  greatest  length  of  skull,  length  of  incisive  foramen,  length  of  max¬ 
illary  toothrow,  mastoid  breadth,  length  of  rostrum,  depth  of  skull, 
interorbital  constriction,  zygomatic  breadth,  length  of  diastema,  and 
length  of  nasals.  Each  cranial  character  contributed  significantly  (P  < 
.05)  to  the  discrimination  among  reference  groups  in  each  age  group. 

In  the  classification  matrices  derived  from  discriminant  analyses  for 
age  groups  IV  and  V-VI,  all  specimens  that  we  initially  assigned  to  P. 
gossypinus  (105  in  age  class  IV  and  124  in  age  group  V-VI)  were  classi¬ 
fied  into  that  group.  In  age  class  IV,  the  three  P.  leucopus-L  individu¬ 
als  were  classified  correctly  but  three  of  19  P.  leucopus- B  specimens 
were  misclassified  as  P.  leucopus- L.  The  three  individuals  that  we 
initially  classified  as  unknowns  (TNHC  2655,  2779,  2990)  in  this  age 
class  were  assigned  to  P.  gossypinus.  In  age  group  V-VI,  12  of  15  P. 
leucopus-L  individuals  were  classified  correctly  and  three  were  classi¬ 
fied  as  P.  leucopus- B,  whereas  24  of  25  P.  leucopus-B  were  classified 
correctly  and  the  remaining  individual  was  classified  as  P.  leucopus-L. 
The  unknown  in  this  age  group  (TNHC  2989)  was  classified  as  P. 
leucopus-B. 

A  visual  summary  of  the  discriminant  analyses  for  the  two  age 
groups,  with  individual  specimens  plotted  along  the  first  two  cannoni- 
cal  axes,  is  given  in  Figure  1.  In  the  canonical  variate  analyses, 
unknown  individuals  are  not  necessarily  assigned  to  one  reference  sam¬ 
ple  or  another  but  appear  in  relation  to  the  reference  groups  in  reduced 
discriminant  space  (standardized  by  the  weighted,  average  variance- 
covariance  matrix).  Two  distinct  clusters  of  individuals  are  evident  in 
each  age  group  along  the  first  canonical  axis,  one  comprising  the  P. 
gossypinus  sample  (and  the  three  unknowns  in  age  class  IV)  and  one 
comprising  the  two  P.  leucopus  samples  (and  the  unknown  in  age 
group  V-VI).  Separation  between  the  two  P.  leucopus  samples  in  each 
age  group  occurs  along  the  second  canonical  axis  and  is  indistinct,  in 
concordance  with  the  results  of  the  classification  procedure.  The  three 
unknowns  in  age  class  IV  cluster  near  the  periphery  of  the  P.  gossypi¬ 
nus  sample  along  the  first  axis  but  clearly  group  with  that  sample.  The 
unknown  in  age  group  V-VI  falls  with  P.  leucopus  along  the  first  axis 
and  within  the  subcluster  of  P.  leucopus-B  individuals  along  the 
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Figure  1.  Plot  of  the  first  (horizontal)  and  second  (vertical)  canonical  variate  axes  gener¬ 
ated  in  the  stepwise  discriminant  function  analyses  for  individual  specimens  of  Pero- 
myscus  from  East  Texas.  Letters  indicate  purported  hybrids  (H),  additional  specimens 
initially  classified  as  unknowns  (U),  and  reference  samples  of  P.  leucopus-E  (L),  P. 
leucopus-B  (B),  and  P.  gossypinus  (G).  See  text  for  localities  of  specimens  to  county. 
A. — plot  for  individuals  in  age  group  IV.  B. — plot  for  individuals  in  age  group  V-VI. 

second  axis  (but  probably  is  assignable  to  P.  leucopus-L  based  on  geo¬ 
graphy). 
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DISCUSSION 

Identification  of  natural  hybrids  between  species  requires  a  priori 
knowledge  of  the  morphology  of,  and  variation  among,  known  hybrids 
(Neff  and  Smith  1979).  No  known  hybrids  between  P.  gossypinus  and 
P.  leucopus  have  been  taken  in  the  field  nor  have  any  been  produced  in 
the  laboratory  from  stock  populations  taken  near  eastern  Texas.  Dice 
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(1940)  reported  that  interspecific  hybrids  produced  from  stock  popula¬ 
tions  collected  near  the  Dismal  Swamp  in  Virginia  were  intermediate 
in  both  external  and  cranial  morphology  between  the  two  species  and 
his  data  indicate  that  the  hybrid  individuals  (N  —  12)  were  no  more 
variable  than  stock  populations  of  P.  leucopus  or  P.  gossypinus. 
Accordingly,  McCarley  (19546)  based  his  identification  of  natural 
hybrids  in  eastern  Texas  on  the  assumption  that  these  individuals  were 
morphologically  intermediate  between  the  two  species. 

McCarley  (19546)  used  length  of  hind  foot,  length  of  skull,  body 
length,  length  of  diastema,  length  of  auditory  bullae,  length  of  maxil¬ 
lary  toothrow  (in  order  of  decreasing  importance)  to  distinguish 
between  the  two  species.  We  used  only  cranial  characters  in  our  ana¬ 
lyses  because  of  an  unknown  amount  of  variation  in  external  characters 
resulting  from  differences  in  measuring  techniques  among  preparators. 
Because  P.  leucopus  and  P.  gossypinus  differ  in  size,  examination  of 
cranial  characters  was  sufficient  to  discriminate  easily  between  the  spe¬ 
cies  in  both  univariate  and  multivariate  analyses  when  similar  age 
groups  were  compared,  although  in  the  univariate  analysis  measure¬ 
ments  of  most  characters  overlapped  between  species.  Optimal  segrega¬ 
tion  of  groups  in  all  statistical  analyses  was  achieved  only  by  eliminat¬ 
ing  the  significant  effect  of  variation  between  age  groups  IV  and  V-VI. 

Large  reference  samples  of  P.  gossypinus  and  P.  leucopus  were  not 
available  from  the  area  of  purported  hybridization  between  the  two 
taxa.  The  P.  gossypinus  reference  was  drawn  from  the  Big  Thicket 
National  Preserve,  approximately  100-200  mi  south  of  the  reported  area 
of  hybridization.  Our  results  agree  with  those  of  St.  Romain  (1976)  who 
examined  individuals  of  P.  gossypinus  from  49  localities  in  eastern 
Texas  and  noted  that  “P.  g.  megacephalus  [the  subspecies  in  Texas]  is 
very  consistent  in  size  with  no  evidence  of  clinal  variation  evident  in 
any  direction  throughout  the  geographic  range  of  this  race.”  The  sam¬ 
ple  of  P.  leucopus  mainly  comprised  specimens  from  Brazos  Co.  in 
southeastern  Texas  (P.  leucopus -B)  with  five  individuals  in  age  group 
IV  and  15  individuals  in  age  group  V-VI  included  from  near  the  area  of 
reported  hybridization  in  northeastern  Texas  (P.  leucopus- L).  Speci¬ 
mens  of  P.  leucopus-B  (classified  as  a  distinct  subspecies,  P.  1.  brevi- 
caudus  by  Davis  1939,  but  subsequently  synonymized  within  P.  /.  leuco¬ 
pus  by  McCarley  1959  and  St.  Romain  1975,  based  on  intergradation  of 
the  two  subspecies  north  and  east  of  Brazos  Co.)  are  smaller  in  overall 
size  than  individuals  to  the  northeast.  Because  the  principal  distinction 
between  gossypinus  and  leucopus  is  overall  size  (the  former  averages 
larger  than  the  latter  in  most  measurements)  morphological  interme¬ 
diates  between  the  two  species  from  northeastern  Texas  should  be  dis¬ 
tinctly  larger  than  the  P.  leucopus  reference  as  a  whole,  and  interme¬ 
diate  between  the  P.  leucopus- L  andP.  gossypinus  reference  samples. 
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In  the  univariate  analysis,  one  of  the  two  purported  hybrids  (TNHC 
2990)  reported  by  McCarley  (19546)  grouped  with  P.  gossypinus  in  four 
of  10  characters  and  in  the  area  of  mensural  overlap  for  the  remaining 
five  characters.  In  no  case  did  one  of  the  specimens  group  with  P.  gos¬ 
sypinus  for  one  character  and  P.  leucopus  for  another.  Accordingly, 
TNHC  2990  was  classified  as  P.  gossypinus  in  the  discriminant  func¬ 
tion  analyses  and  grouped  with  that  species  along  the  first  canonical 
variate  axis  (the  axis  along  which  the  species  separated  into  distinct 
clusters);  whereas,  TNHC  2889  was  classified  as  P.  leucopus  in  the  dis¬ 
criminant  analyses  and  grouped  with  that  species  along  the  first  canon¬ 
ical  variate  axis.  The  two  additional  specimens  regarded  as  unknowns 
by  us  (TNHC  2655,  2779)  were  classified  as  P.  gossypinus  in  the  dis¬ 
criminant  analysis  and  grouped  with  that  species  along  their  first 
canonical  variate  axis.  Therefore,  the  two  specimens  regarded  as 
hybrids  by  McCarley  (19546)  and  the  two  specimens  initially  classified 
as  unknowns  by  us  do  not  appear  to  be  morphologically  intermediate 
between  the  two  species. 

Zimmerman  et  al.  (1978)  regarded  P.  leucopus  and  P.  gossypinus  as 
semispecies  based,  in  part,  on  McCarley’s  (19546)  identification  of 
hybrids  in  eastern  Texas  and  Louisiana.  However,  Price  and  Kennedy 
(1980)  found  that  individuals  of  P.  gossypinus  were  fixed  for  different 
alleles  than  P.  leucopus  at  three  allozymic  loci  and  that  there  was  no 
evidence  of  introgression  in  the  areas  of  sympatry  they  studied.  Detailed 
electrophoretic  and  karyological  analyses  are  needed  to  determine 
whether  or  not  hybridization  between  P.  leucopus  and  P.  gossypinus 
actually  occurs  in  areas  of  sympatry  reported  for  Georgia  (Golley  1962), 
Alabama  (Howell  1921),  Louisiana  and  Texas  (McCarley  19546),  but 
the  morphological  data  do  not  suggest  that  these  species  hybridize  in 
their  areas  of  sympatry  in  eastern  Texas. 
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ABSTRACT 

A  method  for  determining  the  leading  or  trailing  edge  ramp  time  of  a  trapezoidal 
voltage-pulse  is  described.  The  simple,  inexpensive  circuitry  features  digital  readout  with 
better  than  2%  accuracy  for  microsecond  traezoidal  ramps. 

INTRODUCTION 

Harwood  and  Kruse  (1958)  have  shown  that  an  analysis  of  a  series 
RC  circuit  with  a  trapezoidal  voltage-pulse  input  leads  to  a  unique 
method  for  determining  the  leading  and  tailing  edge  ramp  times  of  the 
trapezoidal  pulse.  Figure  1  shows  a  series  RC  circuit  with  a  trapezoidal 
voltage  pulse  input.  Application  of  Ohm’s  law  to  the  circuit  shown  in 
Figure  1  yields  for  the  current 

I(t)  =  kC(  1  -  exp  (-  t/RC)),  ( 1 ) 

where  k  is  the  slope  of  the  leading  edge  ramp  and  0  <  t  <  Tl.  Clearly, 
if  the  leading  edge  ramp  time,  Tl,  is  large  compared  to  RC,  then  the 
exponential  term  in  Equation  (1)  is  negligible  compared  to  unity  well 
before  the  pulse  reaches  its  peak  value,  V0.  the  voltage  across  resistance 
R  then  peaks  at 


VR  =  RCk.  (2) 

Since  at  the  instant  t  =  Tl,  V0  =  kTL,  the  expression  for  Vr  can  be 
written  as 
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Figure  1.  Trapezoidal  pulse  fed  into  series  RC  circuit. 

Vo 
Tl 


Vr  =  RC  Vo 


Solving  for  Tl  gives 


Tl  =  RcLi. 

Vr 


(3) 

(4) 


Similarly,  the  expression 


tf  =  rc_L_ 

Vr 


(5) 


can  be  developed,  where  Tf  is  trailing  edge  ramp  time,  Vr  is  peak  vol¬ 
tage  across  R  during  trailing  edge  decay,  and  Tf  »  RC. 

CIRCUITRY 

Figure  2  is  a  block  diagram  of  circuitry  designed  to  accept  a  trapezoid¬ 
al  voltage-pulse  input,  to  detect  the  peak  values  VD  and  Vr  (leading  or 
trailing  edge),  to  calculate  the  ratio  Vg/Vr,  and  to  display  it  in  a  3-digit 
LED  display.  The  ramp  time  of  the  voltage-pulse  may  then  be  found 
using  Equation  (4)  or  Equation  (5)  appropriately.  For  convenience,  the 
product  RC  may  be  made  a  multiple  of  10.  As  shown  in  Figure  2,  the 
pulse  is  fed  into  a  series  RC  circuit  and  the  resulting  voltage-pulse 
across  resistance  R  is  fed  into  the  peak  detector.  The  output  of  the  peak 
detector  is  a  DC  voltage  equal  to  the  peak  value  of  the  voltage  across  R 
during  the  rise  (fall)  of  the  pulse.  The  peak  value  of  the  input  pulse  is 
also  detected.  These  two  DC  voltages  are  fed  into  voltage-to-frequency 
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Figure  2.  Block  diagram  of  circuitry. 


converters,  where  the  voltages  V0  and  Vr  are  linearly  converted  to  fre¬ 
quencies  f0  and  fr.  The  output  of  the  division  circuit  is  a  stream  of 
pulses  along  with  a  timing  pulse.  The  timing  pulse  “turns  the  counter 
on”  for  a  fixed  period  so  that  the  number  of  pulses  counted  during  this 
period  is  equal  to  the  ratio  10  fD/fr.  The  decoders  decode  the  binary 
count,  and  three  common  cathode  LEDs  display  the  decoded  output.  A 
decimal  point  is  inserted  appropriately. 

Figure  3  shows  the  peak  detection  circuitry.  The  amplifiers  are  741 
operational  amplifiers  used  in  the  inverting  configuration.  Gain  of  the 
various  stages  may  be  adjusted  to  accommodate  various  input  pulse 
amplitudes  and  to  compensate  for  the  nonlinear  effect  of  the  diode. 
Input  resistance  of  the  detector  should  be  high  enough  to  prevent  load¬ 
ing  of  the  pulse  source.  Operation  of  the  detector  is  simple.  The  50-mf 
capacitor  charges  to  the  peak  value  of  the  input  pulse  less  the  drop 
across  the  diode.  The  effect  of  the  diode  can  be  minimized  by  providing 
some  gain  in  the  first  or  second  stages  and  then  compensating  for  it  in 
one  of  the  last  two  stages.  Values  shown  in  Figure  3  are  typical  for  5- 
volt  peak  trapezoidal  input  pulses  with  microsecond  ramp  times. 


22K 


Figure  3.  Peak  detector. 
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The  voltage-to-frequency  converters  are  RC4151NB  dual-in-line  8  pin 
integrated  circuits  built  by  Raytheon  Semiconductor.  These  circuits 
proved  to  be  highly  linear,  but  somewhat  sensitive  to  ripple.  The  peak 
detector  output  must  be  adequately  filtered  to  assure  proper  operation 
of  the  voltage-to-frequency  converters. 

Figure  4  shows  the  division  and  display  circuitry,  adapted  from  a 
design  by  Stark  (1975.)  A  7490  (not  shown)  divides  the  frequency  fr  by 
10.  IC5  is  a  dual  J-K  master-slave  flip-flop,  shown  in  two  sections.  The 
frequency  fr/10  serves  as  a  clock  pulse  for  IC5b.  Since  the  J  and  K 
inputs  in  IC5b  are  both  held  at  +5  volts,  the  Qb  output  will  toggle  on 
each  clock  pulse  with  a  frequency  of  fr/10.  The  frequency  fQ  serves  as  a 
clock  for  IC5a.  Therefore,  when  Qb  is  high,  toggles  with  frequency  fQ 
since  Qb  is  connected  to  the  J  and  K  inputs  of  IC5a.  IC5a  is  “on”  for 
a  time  10Tr,  where  Tr  =  l/fr.  At  the  end  of  10Tr  seconds,  10fo/fr  pulses 
have  arrived  at  the  clock  input  to  IC5a.  The  pulses  are  counted  by  the 
7490  decade  counters.  The  three  7448  decoder/drivers  decode  the  binary 
count,  which  is  displayed  on  three  common  cathode  LEDs.  By  illumi¬ 
nating  the  decimal  point  between  the  second  and  third  digits,  the  dis¬ 
play  is  divided  by  10  and  thus  reads  from  01.0  (fQ  =  fr)  to  99.9.  During 
the  time  Qb  is  high  and  the  7490  BCD  counters  are  counting,  the  Qb 
output  holds  pin  4  on  the  three  7448’s  low.  This  blanks  the  output  so 
that  no  display  occurs  during  the  counting  period.  At  the  end  of  this 
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Figure  5.  Block  diagram  of  experimental  apparatus. 


counting  period  Qb  goes  low  and  turns  “off”  IC5a,  while  Qb  goes  * 
“high”  and  turns  “on”  the  7448  decoder/drivers.  Consequently,  no 
more  pulses  are  received  at  the  counters,  and  the  count  from  the  pre¬ 
vious  counting  period  is  displayed.  At  the  beginning  of  each  counting 
period,  the  negative  going  pulse  at  Qb  clears  IC5a  and  the  7490’s  to  0. 

RESULTS 

Measurements  were  made  to  determine  the  capabilities  of  the 
circuitry  described.  Figure  5  shows  a  schematic  of  the  experimental 
apparatus.  The  trapezoidal  pulse  was  fed  into  a  circuit  consisting  of  a 
0. 1 1-mf  capacitor  in  series  with  the  decade  resistance  box.  The  input 
voltages  Vo  and  Vr  were  measured  on  the  oscilloscope  and  recorded. 
The  detected  voltages  VD  and  Vr  were  also  measured  and  recorded,  as 
well  as  the  LED  display  reading,  representing  the  experimental  ratio 
Vo/Vr.  The  voltage- to-frequency  converters  were  aligned  at  a  ratio  of 
Vo/Vr  —  3.9.  Figure  6  shows  the  results  of  the  measurements.  The 
graph  shows  that  the  overall  circuitry  is  very  linear  below  a  ratio  of  10. 
The  average  relative  error  between  calculated  and  experimental  V0/Vr, 
below  a  ratio  of  10,  is  1.4%. 

CONCLUSION 

The  ramp  time  of  a  ramp  voltage  pulse  can  be  determined  by  the 
method  herein  described.  The  restriction  that  the  input  time  constant  of 
the  measuring  device  be  small  compared  to  the  ramp  time  of  the  pulse 
has  been  discussed.  However,  this  is  not  a  severe  restriction,  and  any 
error  due  to  this  approximation  can  easily  be  kept  to  less  than  one  part 
in  one  hundred.  Using  standard  resistors  and  capacitors  in  the  input 
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stage,  the  circuitry  provides  the  basis  for  a  ramp  time  meter  which  is 
simple,  inexpensive,  and  accurate. 
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ABSTRACT 

The  jird,  Meriones  unguiculatus,  was  experimentally  infected  with  100  Brachylaime 
microti  metacercariae.  Host  blood  glucose  and  liver  glycogen  levels  were  determined  at  20 
and  50  days  postinoculation  (PI).  Relative  spleen  weights  were  also  determined  for  exper¬ 
imental  and  control  animals.  Liver  glycogen  levels  in  infected  M.  unguiculatus  at  50  days 
PI  were  significantly  lower  than  glycogen  levels  in  uninfected  animals;  no  significant  dif¬ 
ference  was  found  at  20  days  PI.  Blood  glucose  levels  in  both  20  and  50  day  PI  jirds  were 
not  significantly  different  from  blood  glucose  levels  in  uninfected  hosts.  However,  regres¬ 
sion  analysis  revealed  a  significant  positive  correlation  between  blood  glucose  and  worm 
burdens  at  20  days  PI  while  at  50  days  PI  a  significant  negative  correlation  was  found 
between  liver  glycogen  and  worm  burdens.  Spleen  indexes  of  all  infected  animals  were 
significantly  higher  than  in  uninfected  animals. 

INTRODUCTION 

Brachylaime  microti  (Trematoda)  parasitizes  the  pancreatic,  hepatic 
and  bile  ducts  and  the  liver  of  Peromyscus  and  Microtus  spp.  The  life 
cycle  has  been  described  previously  (Mayberry  et  al.  1981).  Laboratory 
infections  of  this  trematode  in  the  jird,  Meriones  unguiculatus  (Criceti- 
dae:  Gerbillinae)  have  been  maintained  in  this  laboratory  and  we  have 
utilized  this  host-parasite  system  for  biochemical  and  physiological 
studies  (Bristol  and  Canaris  1977).  This  report  presents  results  of  a 
study  conducted  to  determine  the  effect  of  Brachylaime  microti  infec¬ 
tion  on  host  blood  glucose,  liver  glycogen  and  relative  spleen  weight 
and  to  compare  the  pathophysiology  of  B.  microti  infection  to  that  of 
similar  helminths. 

MATERIALS  AND  METHODS 

Naturally  infected  snails,  Oreohelix  strigosa,  were  collected  near 
Rock  Creek,  Montana.  Metacercariae  were  dissected  from  the  kidneys  of 
snails  and  administered  per  os  to  inbred  specific  pathogen  free,  age 
matched  jirds  (Mon/Tum,  Tumblebrook  Farm).  Jirds,  45-60  days  old, 
were  inoculated  with  100  metacercariae,  individually  caged,  fed  water 
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and  Purina  rat  chow  ad  lib  and  maintained  at  25C  under  a  12  hour 
light-dark  photoperiod. 

At  20  and  50  days  postinoculation  (PI)  jirds  were  anesthetized  with 
ether,  weighed  and  bled  by  cardiac  puncture;  0.5  ml  of  blood  was  taken 
for  glucose  determination.  The  jirds  were  then  necropsied  and  worm 
burdens  recorded.  The  liver  was  removed,  weighed  and  stored  in  95% 
ethanol  at  —10C  for  glycogen  determination.  The  glucose  oxidase 
(Glucostat,  Worthington  Biochemical)  method  was  used  to  determine 
blood  glucose  (mg  %)  while  anthrone  assay  (Seifter  et  al.  1950)  was  util¬ 
ized  to  quantify  liver  glycogen  (mg  glycogen/g  liver).  Liver  tissue  was 
digested  with  30%  KOH  and  glycogen  precipitated  with  95%  ethanol. 
Uninfected  age  matched  jirds  were  processed  similarly  and  served  as 
controls.  All  animals  were  killed  between  8:00  and  10:00  a.m. 

Blood  glucose  and  liver  glycogen  levels  of  experimental  and  control 
jirds  were  compared  using  Student’s-t  test.  In  addition,  Nth  order 
regression  analysis  was  performed  to  determine  if  correlations  existed, 
at  20  and  50  days  PI,  between  worm  burdens  and  host  liver  glycogen  or 
blood  glucose. 

Spleen  indexes  (spleen  weight  divided  by  body  weight  and  multiplied 
by  1000)  were  calculated  at  intervals  10-79  days  PI  for  age  matched 
infected  and  uninfected  jirds.  Indexes  were  also  calculated  for  age 
matched  infected  and  uninfected  male  and  female  jirds  to  determine  if 
any  significant  (P  <  0.05)  variation  in  relative  spleen  weights  existed 
between  sexes.  Student’s-t  test  was  used  to  compare  group  spleen 
indexes  while  regression  analysis  (Nth  order)  was  performed  to  deter¬ 
mine  if  correlation  existed  between  relative  spleen  weight  and  day  PI. 

RESULTS 

Liver  glycogen  levels  in  M.  unguiculatus  at  50  days  PI  with  B. 
microti  were  significantly  lower,  14.8  ±  10.9  mg/g  liver,  than  glycogen 
levels  in  uninfected  animals,  41.0  ±  21.9  mg/g  liver,  however,  no  sig¬ 
nificant  difference  was  found  at  20  days  PI  (Table  1).  Blood  glucose 


Table  1.  Blood  glucose  and  liver  glycogen  concentrations  in  Meriones  unguiculatus 
infected  with  Brachylaime  microti. 


Days 

Postinfection 

Blood  Glucose  (mg  %) 

X  ±  SD 

Liver  Glycogen  (mg/g  liver) 

X  ±  SD 

20 

75.0+  18.1 

84.8  ±  14.3 

(N=  11) 

(N  =  10) 

50 

72.5  ±17.1 

14.8+  10.9* 

(N=  11) 

(N  =  10) 

Uninfected 

66.8  ±  9.34 

41.0  +  21.9 

(N  =  11) 

(N  =  10) 

*Significantly  different  (P  <  0.05)  than  uninfected  host. 
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NUMBER  OF  BRACHYLA/ME MICROTI 

Figure  1.  Correlation  between  number  of  Brachylaime  microti  harbored  by  Meriones 
unguiculatus  and  host  blood  glucose  at  20  days  PI.  Line  fit  by  linear  regression. 
Correlation  coefficient  =  +  0.88. 


levels  for  20  and  50  day  PI  jirds  did  not  differ  significantly  from  those 
of  uninfected  hosts  (Table  1). 

Regression  analysis  revealed  a  significant  positive  correlation  (coeffi¬ 
cient  +0.88)  between  blood  glucose  and  worm  burden  at  20  days  PI 
(Fig.  1).  No  correlation  existed  between  these  same  parameters  at  50 
days  PI  (coefficent  —0.28).  However,  at  50  days  PI  a  significant  negative 
correlation  (coefficient  —0.69)  was  found  between  liver  glycogen  and 
worm  burden  (Fig.  2).  No  correlation  existed  between  liver  glycogen 
and  worm  burden  at  20  days  PI  (coefficient  —0.30). 

The  mean  spleen  indexes  of  uninfected  male  (0.77  +  0.12,  N  =  17)  vs. 
female  (0.83  +  0.22,  N  =  17)  and  infected  male  (1.12  +  0.21,  N  =  14)  vs. 
female  (1.10  +  0.33,  N  =  14)  M.  unguiculatus  did  not  differ  signifi¬ 
cantly.  Data  from  male  and  female  jirds  were  pooled  and  a  significant 
difference  was  found  between  pooled  indexes  of  infected  (1.07  +  0.27)  and 
uninfected  jirds  (0.82  +  0.18)  (Table  2).  Regression  analysis  revealed  no 
correlation  between  days  PI  and  spleen  indexes  (coefficient  +  0.20). 


172 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  XXXIV,  NO.  2,  1982 


NUMBER  OF  BRA CHYLAIME MICROTI 

Figure  2.  Correlation  between  number  of  Brachylaime  microti  harbored  by  Meriones 
unguiculatus  and  host  liver  glycogen  at  50  days  PI.  Line  fit  by  linear  regression. 
Correlation  coefficient  =  —0.69. 


DISCUSSION 

A  decrease  in  liver  glycogen  similar  to  that  observed  at  50  days  PI 
with  B.  microti  in  the  present  study  has  been  demostrated  during  infec¬ 
tion  with  Clonorchis  (Kuwamura  1958),  Fasciola  hepatica  (Kublickiene 
and  Goldbergiene  1966),  and  F.  gigantica  (Mostafa  et  al.  1964).  How¬ 
ever,  the  present  study  is  the  first  to  show  a  quantitative  correlation 
between  worm  burden  and  liver  glycogen  depletion  at  50  days  PI. 

Dawes  (1963)  working  with  F.  hepatica  and  Dhar  and  Singh  (1963) 
working  with  Dicrocoelium  dendriticum  suggested  that  these  flukes 
decreased  liver  polysaccharide  by  ingesting  glycogen  directly  from  liver 
cells.  However,  it  is  hypothesized  that  liver  glycogen  depletion  in  the 
present  study  may  have  resulted  from  a  decreased  metabolic  capacity  of 
the  liver  due  to  fluke  toxins  and/or  a  decrease  in  functional  liver  par¬ 
enchymal  cells.  Hepatocyte  cytoplasmic  vacuolation  and  chromatin 
condensation  at  sites  distant  from  bile  ducts  infected  with  B.  microti 
have  been  reported  and  support  this  contention  (Mayberry  et  al.  1981). 
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Table  2.  Spleen  indexes  of  uninfected  and  Brachylaime  microti  infected  Meriones  ungui- 
culatus. 


Spleen  Index* 

X  +  SD 

Uninfected 

0.82  ±  0.18 

(N  =  34) 

Infected 

1.07  ±  0.27** 

(N  =  34) 

♦Spleen  Index  =  sPleen  wt  x  1000 
body  wt 

♦♦Significantly  different  (P  <  0.01)  than  uninfected  controls. 


The  positive  correlation  between  blood  glucose  and  worm  burden  at 
20  days  PI  may  have  resulted  from  pancreatic  dysfunction  and,  thus, 
decreased  insulin  production.  It  has  been  demonstrated  that  pancreatic 
involvement  in  human  schistosomiasis  as  well  as  in  Schistosoma  hovis 
infections  caused  hyperglycemia  (Day  1924;  Erfan  1933;  Seife  and  Lisa 
1950).  However,  light  microscopic  examination  of  the  pancreas  from  B. 
microti  infected  jirds  revealed  no  histopathological  changes  (Mayberry 
et  al.  1981),  so  the  reason  for  the  correlation  observed  in  the  present 
investigation  is  not  known. 

The  increase  in  spleen  indexes  from  jirds  infected  with  B.  microti 
observed  in  the  present  study  was  not  unexpected  since  spleen  weight  is 
known  to  increase  in  response  to  the  presence  of  some  helminths. 
Increased  spleen  weights  have  been  reported  during  experimental  schis¬ 
tosome  infections  in  mice  and  voles  (DeWitt  and  Warren  1959;  Acker¬ 
man  and  Page  1976),  mouse  fascioliasis  (Kruyt  and  Van  Der  Steen 
1971),  and  infection  with  Echinococcus  multilocularis  cysts  (Ali-Khan 
1974).  Microscopic  examination  of  enlarged  spleens  in  the  present  study 
suggested  the  increased  weight  was  the  result  of  an  immunological 
response  by  M.  unguiculatus  to  the  parasite.  Early  enlargement  was 
due  to  histiocyte  proliferation  while  later  hypertrophy  resulted  from 
proliferation  of  lymphocytes  (Mayberry,  unpbl.  data). 

The  data  obtained  from  the  present  investigation  and  previous  stu¬ 
dies  with  B.  microti  (Bristol  and  Canaris  1977;  Mayberry  et  al.  1981) 
suggest  that  the  B.  microti-M.  unguiculatus  system  will  serve  as  a  con¬ 
venient  laboratory  model  for  the  study  of  hepatic  helminths  of  veteri¬ 
nary  and  medical  importance. 

This  study  was  supported  by  NIH  Grant  RR  08012-08. 
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ABSTRACT 

The  distribution  of  nitrogen  in  samples  of  Upper  Cretaceous  Colorado  Shale  near  a 
basalt  dike  depends  upon  the  gradient  of  maximum  temperatures  reached  during 
emplacement  of  the  dike.  Nitrogen  released  as  ammonia  from  organic  matter  near  the 
dike  migrated  outward  to  a  site  where  it  was  trapped  in  silicates  undergoing  thermally- 
induced  transformations.  Thus,  there  is  a  maximum  in  fixed  ammonium-nitrogen  5-6  ft 
(1.5- 1.8  m)  from  the  dike,  the  position  at  which  trapping  was  most  efficient.  The  results 
imply  that  in  a  sedimentary  basin  organic  matter  releases  ammonia  at  a  lower  tempera¬ 
ture  and,  thus,  at  a  shallower  depth  than  ammonium-containing  minerals. 

INTRODUCTION 

Cooper  and  Abedin  (1981)  found  that  the  nitrogen  content  of  a  shale 
section  in  a  well  drilled  in  Colorado  County,  Texas,  almost  doubled 
downward  through  the  depth  interval  in  which  smectite  layers  of 
mixed-layer  smectite/illite  were  being  transformed  into  illite  layers. 
The  increase  illite.  They  suggested  that  the  additional  nitrogen  resulted 
from  an  influx  of  ammonia  from  greater  depth  where  it  had  been 
released  from  organic  matter  or  ammonium-containing  minerals  by 
thermal  reactions.  According  to  their  model,  a  maximum  in  fixed 
ammonium-nitrogen  occurs  in  the  depth  interval  below  the  smectite-to- 
illite  transition  zone  and  above  the  depth  where  it  is  released  from 
minerals. 

Because  temperature  is  the  main  factor  contributing  to  (1)  smectite 
to-illite  transition  (Perry  and  Hower  1970),  (2)  alteration  of  organic 
matter  (Tissot  and  Welte  1978),  and  (3)  release  of  ammonia  from  min¬ 
erals  (Eugster  and  Munoz  1966),  a  shale  intruded  by  an  igneous  dike  is 
used  in  this  study  to  demonstrate  the  effects  of  temperature  gradient  on 
nitrogen  distribution  within  a  shale.  For  this  demonstration  total  nit¬ 
rogen  (total  N),  fixed  ammonium-nitrogen  (fixed  NH4— N),  and 
organic  nitrogen  (organic  N)  were  measured  in  samples  collected  at 
varying  distances  from  a  dike  in  the  Upper  Cretaceous  Colorado  Shale 
of  Cascade  County,  Montana. 
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MATERIALS  AND  METHODS 

Samples  of  Upper  Cretaceous  Colorado  Shale  adjacent  to  a  dike  of 
tholeiitic  basalt  (Dawson  1979),  approximately  30  ft  (9.1  m)  thick,  were 
collected  in  Cascade  County,  Montana,  (locality  4  of  Bostick  1971)  by 
R.  P.  Nixon  of  Mobil  Research  and  Development  Corporation.  Sam¬ 
ples  were  collected  immediately  adjacent  to  the  dike,  at  1  -ft  (0.3-m) 
intervals  from  the  dike  to  a  distance  of  10  ft  (3.0  m)  from  the  dike,  and 
at  5-ft  (1.5-m)  intervals  from  10  to  30  ft  (3.0  to  9.1  m)  away  from  the 
dike.  All  samples  were  collected  along  the  same  stratigraphic  interval. 
Distances  were  measured  perpendicular  to  the  dike. 

Total  N,  fixed  NH^— N,  and  exchangeable  NHj— N  were  determined 
by  the  methods  of  Stevenson  and  Cheng  (1972)  except  that  in  the  last 
step  ammonia  was  determined  by  distillation  into  boric  acid-indicator 
solution  and  titration  with  standard  sulfuric  acid  (Bremner  1965). 

RESULTS 

Results  of  determination  of  total  N,  fixed  NH4- N,  and  organic  N  as 
a  function  of  distance  from  the  dike  are  presented  in  Figure  1.  Values 
of  exchangeable  NHj- N  are  not  given  because  they  were  found  to  be 
negligible.  Organic  N  is  defined  as  the  difference  between  total  N  and 
inorganic  N  which,  because  exchangeable  NHj— N  is  negligible,  is  the 
difference  between  total  N  and  fixed  NHj- N.  Nitrogen  contents  of 
samples  10  ft  (3.0  m)  and  further  from  the  dike  appear  to  have  been 
unaffected  by  its  emplacement;  therefore,  average  nitrogen  values  of 
those  samples  are  assumed  to  represent  the  composition  before  thermal 
alteration.  For  samples  from  0-3  ft  (0-0.9  m)  from  the  dike  the  total  N 
was  found  to  be  below  the  average  value  of  unaltered  samples  (625 
ppm)  whereas  it  was  above  this  average  for  samples  4-9  ft  (1.2-2. 7  m) 
from  the  dike.  Fixed  NHj- N  in  the  sample  immediately  adjacent  to 
the  dike  was  below  the  average  for  the  unaltered  samples  (304  ppm), 
but  it  was  above  average  for  samples  from  1-9  ft  (0.3-2. 7  m)  from  the 
dike.  Organic  N  was  absent  in  the  sample  immediately  adjacent  to  the 
dike,  and  from  1-8  ft  (0.3-2. 4  m)  it  was  below  the  average  of  322  ppm 
observed  for  unaltered  samples. 

DISCUSSION 

Our  data  suggest  that  the  distributions  of  the  various  kinds  of  nitro¬ 
gen  in  samples  of  shale  near  a  dike  depend  upon  the  gradient  of  max¬ 
imum  temperatures  resulting  from  emplacement  of  the  dike.  The 
model  proposed  by  Cooper  and  Abedin  (1981)  for  the  distribution  of 
fixed  NH4—N  resulting  from  a  temperature  gradient  is  supported  by 
our  results.  Maximum  nitrogen  content  occurred  in  samples  collected  5 
and  6  ft  (1.5  and  1.8  m)  from  the  dike  transecting  the  shale  (Figure  1). 
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Figure  1.  Dependence  upon  distance  from  a  basalt  dike  of  the  concentrations  of  total  N, 
fixed  NH4— N,  and  organic  N  in  Upper  Cretaceous  shale  samples,  Cascade  County, 
Montana. 


Presumably  ammonia  was  released  by  thermal  reaction  of  organic  mat¬ 
ter  or  NHj- containing  minerals  near  the  dike  and  was  trapped  in 
newly-formed  minerals  further  from  the  dike.  The  poor  crystallinity  of 
the  newly-formed  minerals  precludes  exact  identification;  however, 
smectite  is  absent  from  samples  closer  than  8  ft  (2.4  m)  from  the  dike 
whereas  illite  is  present  in  all  samples  (Dawson  1979).  Thus,  alteration 
of  smectite  to  illite  analogous  to  that  observed  by  Perry  and  Hower 
(1970)  seems  likely.  Samples  near  the  dike  exhibit  a  significant  loss  of 
organic  N  but  little  loss  of  fixed  NH^- N  (Figure  1);  therefore,  organic 
matter  must  have  contributed  most  of  the  excess  fixed  NH4-N  found 
in  the  zone  of  enrichment.  Because  of  the  relatively  large  variations  of 
nitrogen  contents  in  the  interval  in  which  the  absence  of  alteration  was 
assumed,  a  reliable  material  balance  cannot  be  calculated;  however, 
some  loss  is  indicated  by  the  average  level  of  total  N  of  569  ppm  for 
samples  for  0-9  ft  (0-2.7  m)  as  compared  to  625  ppm  for  samples  from 
10-30  ft  (3.0-9. 1  m). 

Three  temperature-dependent  processes  affect  the  distribution  of  nit¬ 
rogen  in  a  shale  as  the  result  of  an  imposed  thermal  gradient:  (1)  loss 
of  nitrogen  from  organic  matter,  (2)  loss  of  nitrogen  from  NHj- con¬ 
taining  minerals,  and  (3)  incorporation  of  NHl  into  newly-formed  sil¬ 
icate  minerals.  The  gradient  of  maximum  temperatures  was  estimated 
by  Bostick  (1971)  (Figure  2)  on  a  basis  of  the  temperature-induced  color 
changes  of  low-gray  phytoclasts  (approximately  vitrinite)  as  compared 
to  similar  color  changes  observed  in  laboratory  studies  in  which  Eocene 
lignitic  shale  samples  were  heated  in  gold  bombs  for  30  days  at  several 
temperatures.  Temperatures  were  found  to  range  from  480  C  at  1  ft  (0.3 
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Figure  2.  Dependence  upon  distance  from  a  basalt  dike  of  estimated  maximum  tempera¬ 
tures  (as  determined  by  reflectance,  Ro,  of  low-gray  phytoclasts)  in  a  shale  resulting 
from  emplacement  of  the  dike  (after  Bostick  1971). 


m)  from  the  dike  to  110  C  at  20  ft  (6.1  m)  from  the  dike  (Figure  2).  No 
estimates  were  made  of  the  maximum  temperature  immediately  adja¬ 
cent  to  the  dike  nor  of  the  duration  of  maximum  temperatures. 

A  significant  loss  of  organic  N  from  samples  near  the  dike  occurs 
(Figure  1),  especially  in  the  interval  out  to  3  ft  (0.9  m)  where  the  max¬ 
imum  temperature  is  estimated  to  have  been  >340  C.  Although  the 
nature  of  the  organic  matter  would  influence  the  amount  and  condi¬ 
tions  of  nitrogen  evolution  to  some  extent,  Waples  (1977),  in  studies  of 
other  sediments,  found  considerable  overlap  in  C/N  ratios  of  aliphatic 
(sapropelic)  and  aromatic  (humic)  kerogen.  Bostick  (1971)  reported  that 
the  organic  particles  found  in  the  Colorado  Shale  were  derived  origi¬ 
nally  from  land  plants  and,  thus,  would  be  classified  as  humic  or  coal¬ 
like  kerogen.  Thermal  alteration  of  kerogen  in  the  Colorado  Shale, 
therefore,  would  be  expected  to  be  similar  to  that  of  coals.  Klein  and 
Juntgen  (1972)  observed  loss  of  nitrogen  from  coals  by  measuring  the 
amount  of  elemental  nitrogen  in  the  gaseous  pyrolysis  product.  They 
found  that  nitrogen  production  began  at  500  C  and  maxima  in  rates  of 
evolution  occurred  at  about  700  and  1000  C.  The  first  maximum  they 
attributed  to  aliphatic  nitrogen  and  the  second  to  aromatic  nitrogen. 
Although  Klein  and  Juntgen  (1972)  made  no  mention  of  ammonia  as  a 
product,  Campbell  (1978)  reported  traces  of  ammonia  among  pyrolysis 
products  of  coal. 
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In  elemental  analyses  of  kerogens  from  well  samples,  Waples  (1977) 
found  the  C/N  ratio  to  be  higher  in  postmature  kerogens  linear 
increases  (mode  of  60)  as  compared  to  immature  and  mature  (mode  of 
40).  In  profiles  of  C/N  ratios  in  kerogens  from  four  wells,  Waples 
(1977)  found  linear  increases  with  increasing  depth  in  three  and,  in  the 
fourth,  he  found  marked  increases  in  the  rate  of  nitrogen  loss  at  8000 
and  9700  ft  (2438  and  2957  m).  Thus,  the  loss  of  nitrogen  relative  to 
carbon  as  a  result  of  heating  shale  kerogens  as  well  as  coals  is  well 
documented.  The  chemical  form  of  the  nitrogen  released,  however,  is 
not  known.  The  nitrogen  released  as  elemental  nitrogen  would  be  lost 
and,  therefore,  unavailable  for  trapping.  Results  of  our  work,  however, 
suggest  that  a  significant  quantity  of  ammonia  could  be  generated  from 
the  organic  matter. 

Temperatures  at  which  ammonia  is  released  from  NHl -containing 
minerals  in  the  laboratory  have  been  measured  by  differential  thermal 
analysis  (DTA),  static  weight  loss,  and  equilibrium  measurements.  On 
a  basis  of  DTA,  Barrer  and  Denny  (1961)  and  Barret  and  Dicks  (1966) 
reported  that  ammonia  was  evolved  from  synthetic  NH4— micas  begin¬ 
ning  at  390-400  C.  Yamamoto  and  Nakahira  (1966)  found  ammonia  to 
be  lost  from  naturally-occurring,  NHj- containing  sericities  over  the 
same  temperature  range.  Erd  et  al.  (1964)  in  their  characterization  by 
static  weight  loss  of  the  naturally-occurring  ammonium  feldspar,  bud- 
dingtonite,  showed  that  at  temperatures  greater  than  430  C  ammonia  is 
lost  with  simultaneous  destruction  of  the  crystal  structure.  On  the  other 
hand,  Hallam  and  Eugster  (1976)  found  that  under  conditions  of  ther¬ 
modynamic  equilibrium  NH4  —  muscovite  is  stable  up  to  600  C  even 
under  very  low  ammonia  fugacities  (10  46  bar).  Above  600  C,  however, 
ammonia  is  released  from  silicates  even  in  the  presence  of  ammonia 
gas. 

These  studies  show  that  ammonia  is  released  from  NHj— containing 
silicates  at  temperatures  as  low  as  400  C  in  the  absence  of  ammonia 
gas.  On  a  basis  of  temperatures  estimated  by  Bostick  (1971)  (Figure  2), 
loss  of  fixed  NH4-N  would  be  expected  from  samples  taken  nearer 
the  dike  than  2  ft  (0.6  mo,  where  the  temperature  was  estimated  to  be  > 
380  C.  However,  fixed  NH4-N  was  found  to  be  no  lower  than  the 
average  for  unaltered  samples  except  for  the  sample  immediately  adja¬ 
cent  to  the  dike  (Figure  1).  This  may  indicate  a  partial  pressure  of 
ammonia  sufficient  to  impart  stability  to  NH4— containing  silicates 
during  the  time  the  temperature  was  high  enough  for  ammonia  loss  to 
occur.  Thus,  release  of  ammonia  from  NHl- containing  minerals  at 
high  temperatures  does  not  provide  much  of  the  additional  fixed 
NH4— N  incorporated  in  the  samples  2-9  ft  (0.6-2. 7  m)  from  the  dike. 

Although  ammonia  is  released  from  NHj— containing  minerals  at 
temperatures  >400  C  in  the  absence  of  external  ammonia,  in  its  pres- 
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ence  a  variety  of  mineral  systems  react  to  form  NH4- containing  min¬ 
erals.  For  example,  ammonium  hydroxide,  silica,  and  alumina  react  in 
sealed  tubes  to  form  NH^- mica  at  temperatures  ranging  from  250-450 
C  (Barrer  and  Denny  1961;  Barrer  and  Dicks  1966).  Similarly,  ammo¬ 
nium  hydroxide,  kaolinite,  dolomite,  and  quartz  react  at  300  C  to  form 
NHl-mica  and  NHj- analcime  (Levinson  and  Day  1968).  From  equil¬ 
ibrium  studies  Hallam  and  Eugster  (1976)  found  by  extrapolation  that 
at  500  C  sillimanite  and  quartz  react  with  ammonia  to  form  NHj  — 
muscovite  at  an  ammonia  fugacity  of  10  46  bar.  At  a  fugacity  of  10  3 
bar  buddingtonite  is  formed.  Ellis  and  Mahon  (1964)  reported  that  sig¬ 
nificant  quantities  of  NHj  as  well  as  other  ions  are  released  from  pum¬ 
ice,  rhyolite,  dacite,  andesite,  basalt,  and  greywacke  by  treatment  with 
water  under  autogenous  pressure  at  temperatures  as  low  as  180  C. 
Although  ions  other  than  NHj  approached  an  equilibrium  concentra¬ 
tion  asymptotically,  NHj  concentration  reached  a  maximum  after  a 
short  period  of  time  and  began  to  decline.  They  attributed  this  to  the 
incorporation  of  ammonia  into  newly-formed  silicates.  The  increase  in 
fixed  NH4  - N  that  we  observed  in  the  interval  from  1-9  ft  (0.3-2. 7  m) 
(Figure  1),  where  maximum  temperatures  ranged  from  200-480  C,  is 
consistent  with  previously  observed  reactions  in  silicate  systems. 

Our  results  are  consistent  with  the  model  proposed  by  Cooper  and 
Abedin  (1981)  for  the  vertical  distribution  of  nitrogen  resulting  from 
the  geothermal  gradient  in  a  shale  section  more  than  2500  ft  (762  m 
thick.  Applying  our  results  (Figure  1)  to  the  system  they  examined, 
leads  to  the  conclusion  that  organic  matter  releases  ammonia  at  a  lower 
temperature,  and  thus,  at  a  shallower  depth  than  do  NHj- containing 
minerals.  Just  as  the  ammonia  released  near  the  dike  migrated  into  the 
zone  where  it  was  incorporated  into  minerals  undergoing  alteration, 
ammonia  released  at  a  depth  in  the  section  studied  by  Cooper  and 
Abedin  (1981)  must  have  migrated  vertically  over  a  long  distance 
through  and  into  shale  sections  where  it  was  trapped  by  newly-formed 
illite  layers. 

CONCLUSIONS 

In  a  section  of  Upper  Cretaceous  Colorado  Shale  cut  by  a  basalt  dike, 
a  maximum  in  fixed  NHj- N  ocurs  5-6  ft  (1.5-1. 8  m)  from  the  dike 
where  ammonia  released  by  thermal  reactions  nearer  the  dike  was 
trapped  within  silicates  formed  in  a  zone  of  moderate  temperature 
increase.  Thus,  the  fixed  NH4-N  content  of  shale  near  the  dike 
depends  upon  the  gradient  of  maximum  temperatures  resulting  from 
emplacement  of  the  dike. 

In  the  high-temperature  zone  of  the  shale  near  the  dike  most  of  the 
released  ammonia  was  derived  from  the  organic  matter;  however,  some 
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of  the  ammonia  was  released  from  NT I4— containing  minerals  imme¬ 
diately  adjacent  to  the  dike. 

The  results  obtained  here  are  consistent  with  the  model  of  Cooper 
and  Abedin 

(1981)  in  which  (1)  ammonia  is  released  from  organic  matter  in 
deeply-buried  sediments,  (2)  NH^- containing  fluids  migrate  vertically 
over  a  long  distance  (over  250  ft  (762  m)),  and  (3)  the  NH4- is  removed 
from  the  migrating  fluid  by  incorporation  into  newly-formed  illite  lay¬ 
ers. 
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ABSTRACT 

Effects  of  exposure  to  simulated  day-light  for  2  weeks  and  to  2  levels  (1.27  cm  and  8.89 
cm)  of  simulated  rainfall  on  the  efficacy  of  4-aminopyridine  baits  (Avitrol  FC  Corn 
Chops-99  formulation)  as  a  brown-headed  cowbird  ( Molothrus  ater )  frightening  agent 
were  measured  in  terms  of  the  ability  of  such  baits  to  elicit  abnormal  behavior.  Analyses 
of  covariance  indicated  between-treatment  differences  in  the  times  to  onset,  frequencies, 
and  durations  of  various  distress  behaviors.  Degradation  of  the  efficacy  of  4- 
aminopyridine  baits  may  result  from  moderate  exposure  to  water  and  light,  implying 
that  more  attention  should  be  given  to  adjusting  application  frequencies  according  to 
environmental  conditions. 

INTRODUCTION 

The  use  of  4-aminopyridine  (4-AP)  as  an  avian  frightening  agent  was 
first  described  by  Goodhue  and  Baumgartner  (1965).  Birds  consuming 
treated  grain  exhibited  distress  symptoms  before  dying  that  prompted 
other  flock  members  to  leave  treated  areas.  Recent  studies  have  been 
directed  toward  the  use  of  4-AP  as  a  bird  management  tool,  particularly 
in  reducing  blackbird  damage  to  cornfields  (De  Grazio  et  al.  1972; 
Stickley  et  al.  1972;  Dolbeer  et  al.  1976;  Stickley  et  al.  1976;  Woronecki 
et  al.  1979).  Although  4-AP  was  applied  initially  as  a  solution  on 
husked  ears  remaining  on  the  stalk  (De  Grazio  et  al.  1971),  it  currently 
is  registered  and  applied  commercially  in  cornfields  as  one  part  cracked 
corn  pre-soaked  a  3%  solution  and  spread  on  the  ground  by  hand  (De 
Grazio  et  al.  1972)  or  from  aircraft  (Stickley  et  al.  1976)  along  with  99 
parts  of  untreated  corn.  Also,  4-AP  is  used  in  cattle  feedlots  to  reduce 
brown-headed  cowbird  ( Molothrus  after)  depredations,  especially  in 
south  Texas  (personal  communication  from  Robert  E.  Williams, 
Department  of  Wildlife  and  Fisheries  Sciences,  Texas  A&M  University, 
College  Station,  TX  77843). 

In  most  studies,  experimentally  applied  4-AP  baits  have  disappeared 
after  several  days  and  typically  have  been  reapplied  after  rains  exceed¬ 
ing  2  cm  (Stickley  et  al.  1972;  Stickley  1974;  Dolbeer  et  al.  1976;  Knittle 
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et  al.  1976;  Stickley  et  al.  1976;  Stickley  et  al.  1977;  Besser  1978;  Dolbeer 
1980).  However,  where  bird  pressure  and  rainfall  are  relatively  low,  and 
where  bait  removal  by  insects  (Woronecki  et  al.  1979)  is  not  a  factor, 
bait  may  be  effective  for  up  to  2  weeks  (West  1968).  The  effects  of  expo¬ 
sure  to  normal  weather  conditions  on  the  efficacy  of  4-AP  have  not 
been  studied  in  detail,  either  in  cornfield  or  feedlot  situations. 

This  study,  conducted  at  Texas  A&M  University  from  December  1979 
to  May  1980,  reports  the  effects  of  exposure  to  simulated  day-light  and 
to  2  levels  of  simulated  rainfall  on  the  efficacy  of  4-AP  (Avitrol  FC 
Corn  Chops-99  formulation)  as  an  avian  frightening  agent.  In  particu¬ 
lar,  we  examined  the  ability  of  the  light-  and  water-exposed  4-AP  baits 
to  cause  abnormal  or  distress  behavior  in  brown-headed  cowbirds. 

MATERIALS  AND  METHODS 

The  efficacy  of  variously-treated  4-AP  corn  baits  was  measured  in 
terms  of  ability  to  affect  cowbird  behavior.  There  were  4  bait  treat¬ 
ments:  (1)  fresh  bait,  obtained  directly  from  the  manufacturer  (Avitrol 
Corporation)  (control);  (2)  fresh  bait  treated  with  1.27  cm  (0.5  inch) 
simulated  rain  (lightly-rained);  (3)  fresh  bait  treated  with  8.89  cm  (3.5 
inch)  simulated  rain  (heavily-rained);  and  (4)  fresh  bait  exposed  to  sim¬ 
ulated  day-light  for  2  weeks  (2-week  light).  Bait  was  spread  over  a  0.5- 
mm  mesh  sieve  to  simulate  soil  drainage  conditions  and  was  treated 
with  simulated  rain  by  pouring  the  pre-measured  amount  of  distilled 
water  through  a  rainulator  (McQueen  1963)  onto  the  bait.  For  light 
treatment,  baits  were  exposed  simultaneously  to  fluorescent  light  (one 
standard  tube  18  inches  long,  3/4  inch  diameter)  and  incandescent  light 
(100  watt)  positioned  approximately  20  cm  above  the  baits  and  set  on  a 
12  h  dark — 12  h  light  cycle. 

Immediately  after  completion  of  each  treatment,  approximately  25  g 
of  bait  was  placed  before  individual  cowbirds  that  had  been  habituated 
to  captivity  for  2-4  weeks  and  then  isolated  in  a  1.8  x  1.2  x  1.8  m  exper¬ 
imental  cage.  Birds  were  not  fed  for  approximately  12  h  prior  to  test¬ 
ing.  Tests  were  conducted  between  0750-1620  daily.  Individual  birds 
were  observed  from  the  time  bait  was  presented  until  death  occurred  or 
until  2  h  had  elapsed  and  all  signs  indicated  recovery  from  the  effects 
of  the  bait.  Behavior  sequence  and  duration  (in  seconds  for  each  behav¬ 
ior)  were  recorded.  Behaviors  were  classified  into  1  of  16  categories— 
convulsions,  defecation,  drinking,  eating,  escape  behavior  (attempting 
to  get  out  of  the  cage),  grasping  with  the  claws,  hovering  flight, 
motionlessness,  muscular  incoordination,  normal  flight,  pecking, 
preening,  salivation,  tremors,  vocalization,  and  walking.  Of  the  above 
behaviors,  the  following  were  considered  abnormal;  convulsions,  grasp¬ 
ing  with  the  claws,  hovering  flight,  muscular  incoordination,  pecking, 
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salivation,  tremors,  and  vocalization.  Six  birds  were  tested  with  fresh 
bait,  6  with  lightly-rained  bait,  5  with  heavily-rained  bait,  and  5  with 
light-exposed  bait.  Other  data  collected  from  each  bird  included  body 
weight  and  amount  of  bait  ingested. 

Length  of  time  from  bait  ingestion  until  onset  of  abnormal  behavior 
(onset  time)  and  length  of  time  abnormal  behavior  continued  (duration 
time)  were  calculated  for  each  bird.  Calculations  involving  birds  that 
survived  longer  than  1  h  included  data  only  from  the  first  hour  of  the 
experiment.  Analyses  of  covariance,  the  covariate  being  the  number  of 
corn  particles  eaten,  were  used  to  examine  differences  in  onset  and  in 
duration  times  among  treatments. 

Analyses  of  covariance  also  were  used  to  compare  the  frequencies  of 
the  5  most  prominent  abnormal  behaviors — hovering  flight,  muscular 
incoordination,  tremors,  vocalization,  and  convulsions.  Durations  of 
each  of  these  behaviors  were  compared  in  a  similar  manner. 

A  square-root  transformation  was  used  on  all  data  to  stabilize  the 
variance  structure  across  treatments.  For  analyses  of  covariance  indicat¬ 
ing  significant  treatment  effects,  specific  treatment  differences  were  ana¬ 
lyzed  using  the  adjusted  treatment  mean  (Brownlee  1965). 

RESULTS 

Analyses  of  covariance  of  the  onset  times  indicated  significant  (P  < 
0.05)  differences  in  treatment  effects.  Adjusted  treatment  mean  analysis 
indicated  a  significant  (P  <  0.05)  difference  between  the  control  treat¬ 
ment  and  the  heavily-rained  treatment.  Onset  times  ranged  from  an 
average  of  5.32  min  (+  1.85)  in  the  control  group  to  an  average  of  15.35 
min  (+  9.87)  in  the  heavily-rained  treatment  (Fig.  1). 

Analysis  of  covariance  indicated  no  significant  (P  >  0.05)  differences 
in  duration  times  among  treatments.  The  duration  of  abnormal  behav¬ 
ior  ranged  from  an  average  of  11.78  min  (+  2.00)  for  the  control  group 
to  37.80  min  (±  16.28)  for  the  heavily-rained  treatment  (Fig.  1).  Three 
of  5  birds  in  the  latter  category  survived  for  at  least  24  h,  as  did  1  of  5 
birds  fed  bait  exposed  to  light. 

Of  the  prominent  abnormal  behaviors,  every  behavior  except  convul¬ 
sions  occurred  least  often  but  had  the  longest  mean  duration  in  the 
control  group  (mean  duration  of  convulsions  was  longest  in  the 
lightly-rained  treatment),  and  every  behavior  except  vocalization 
occurred  most  often  and  had  the  shortest  mean  duration  in  the  2-week 
light  treatment  (vocalizations  were  most  frequent  in  the  heavily-rained 
treatment)  (Table  1).  Individual  analyses  of  covariance  indicated  signif¬ 
icant  (P  <  0.05)  differences  in  treatment  effects  for  the  frequencies  of 
muscular  incoordination  and  convulsions.  Adjusted  treatment-mean 
analysis  indicated  a  significantly  (P  <  0:05)  higher  frequency  of  muscu- 
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Means  (dots)  and  standard  deviations  (vertical  bars)  of  onset  times  and  dura- 
mes  for  abnormal  behavior  in  brown-headed  cowbirds  fed  variously  treated  4- 
pyridine  bait. 
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lar  incoordination  in  the  2-week  light  treatment  and  in  the  lightly- 
rained  treatment  than  in  the  control  group,  and  a  significantly  (P  < 
0.05)  higher  frequency  of  convulsions  in  the  2-week  light  treatment 
than  in  other  treatments.  As  for  durations  of  individual  behaviors,  only 
convulsions  showed  significant  (P  <  0.05)  differences  between  treat¬ 
ments.  Adjusted  treatment-mean  analysis  indicated  a  significantly  (P  < 
0.05)  longer  duration  of  convulsions  in  the  lightly-rained  treatment 
than  in  the  control  teatment. 

DISCUSSION 

Although  there  was  a  statistically  significant  difference  between  the 
onset  times  for  the  control  and  for  the  heavily-rained  baits,  the  actual 
figures  were  only  10.03  min  apart.  This  suggests  that  under  a  heavily- 
rained  situation,  birds  may  continue  to  flock  for  an  additional  10  min. 
However,  the  additional  damage  done  during  this  period  may  not  jus¬ 
tify  the  expense  of  rebaiting  after  heavy  rains.  There  was  no  significant 
difference  among  the  duration  times  for  the  treatments.  Despite  the  dif¬ 
ference  in  the  onset  time,  TAP  baits  exposed  to  simulated  day-light  for 
up  to  2-weeks  or  to  as  much  as  8.89  cm  of  simulated  rain  retained  their 
ability  to  elicit  abnormal  behavior  and  induce  death.  However,  we 
observed  certain  treatment  differences  in  the  specific  nature  of  the 
abnormal  behaviors  elicited  that  may  adversely  affect  the  ability  of  such 
TAP  baits  to  fulfill  their  function  as  an  avian  frightening  agent. 

The  birds  fed  control  baits  displayed  aerially  and  made  long,  loud 
vocalizations  while  the  birds  baited  with  the  other  treatments,  espe¬ 
cially  with  8.89  cm  simulated  rain,  tended  to  display  on  the  ground 
more  often  than  in  the  air,  with  shorter,  quieter  vocalizations.  Since  the 
success  of  TAP  as  an  avian  frightening  agent  depends  upon  the  flock’s 
ability  to  see  or  hear  the  reacting  birds,  it  appears  that  exposure  to 
water  and  light  may  inhibit  the  efficacy  of  TAP. 

Number  of  particles  eaten  was  not  a  crucial  factor  in  these  experi¬ 
ments.  Not  only  were  the  slopes  of  regressions  of  behavior  parameters 
on  particles  eaten  similar  across  treatments,  but  they  were  not  signifi¬ 
cantly  (P  >  0.05)  different  from  zero.  This  also  was  true  for  the  slopes 
of  regressions  using  number  of  particles  eaten  per  unit  body  weight  of 
the  bird.  Small  sample  size  may  be  one  reason  why  the  differences  in 
the  number  of  particles  eaten  had  no  significant  effect  on  behavior 
parameters,  although  sample  sizes  obviously  were  adequate  to  detect 
significant  differences  in  behavior  resulting  from  the  treatments  applied 
to  TAP  baits.  In  any  event,  since  just  one  particle  of  control  bait  is 
sufficient  to  elicit  abnormal  behavior  and  subsequent  death,  we  would 
expect  the  potential  cumulative  effect  of  eating  more  than  one  bait  par¬ 
ticle  to  be  less  pronounced  for  the  control  bait  treatment  than  for  other 
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treatments.  But  regardless  of  the  amount  of  bait  eaten,  birds  in  the  var¬ 
ious  bait-treatment  groups  displayed  behavior  strikingly  different  from 
that  of  the  birds  in  the  control  group.  Therefore  our  determination  of 
significant  treatment  effects  should  be  conservative. 

Of  course,  the  relationship  of  the  simulated  day-light  and  simulated 
rainfall  treatments  to  natural  sunlight  and  rainfall  cannot  be  estab¬ 
lished  precisely.  Local  variation  in  cloud  cover  and  soil  drainage  condi¬ 
tions  must  be  considered  when  extrapolating  the  present  results  to  spe¬ 
cific  field  situations.  Certainly  the  degree  to  which  the  efficacy  of  4-AP 
baits  is  reduced  by  water  and  light  depends  on  both  environmental 
conditions  and  management  goals.  Heavy  rains  on  poorly  drained  soils 
can  wash  bait  away,  cover  it  up,  or  hasten  its  decomposition  (Stickley 
et  al.  1977;  Dolbeer  1980).  If  a  large  portion  of  4-AP  bait  remains  in  the 
field  for  2  weeks,  bird  pressure  is  probably  low  (De  Grazio  et  al.  1972) 
and  the  efficacy  of  the  treatment  is  decreased  due  to  a  lower  incidence 
of  reacting  birds  (Dolbeer  et  al.  1976;  Woronecki  et  al.  1979;  Dolbeer 
1980).  In  the  latter  situation,  rebaiting  may  not  be  cost-effective. 

The  present  study  suggests  that  degradation  of  the  efficacy  of  4-AP 
baits  may  result  from  moderate  exposure  to  water  and  light  (although 
extraplation  of  these  results  to  species  other  than  cowbirds  should  be 
done  with  caution).  This  implies  that  more  attention  should  be  given 
to  adjusting  application  frequencies  to  meet  needs  in  specific  situa¬ 
tions.  This  may  not  be  possible  where  application  frequencies  are  dic¬ 
tated  by  commercial  restraints,  especially  by  the  schedule  of  commercial 
applicators.  But  where  landowners  are  applying  the  4-AP  baits  them¬ 
selves,  the  cost-effectiveness  of  control  programs  might  be  substantially 
improved  by  altering  the  application  schedule:  One  should  rebait 
immediately  after  heavy  rains,  but  less  often  in  dry  weather  or  when 
few  birds  are  present. 

We  thank  Drs.  K.  A.  Arnold,  L.  J.  Folse,  R.  J.  Freund,  J.  H.  Matis, 
and  R.  D.  Slack;  also  R.  E.  Williams,  A.  Bivings,  N.  Garza,  S.  Kerr,  F. 
L.  Mechoulam,  E.  P.  Ryan,  and  S.  D.  Smith  for  assistance  with  the 
technical  aspects  of  this  project.  We  are  grateful  to  K.  Green  from  the 
Avitrol  Corporation  for  suppling  the  4-aminopyridine  baits.  Special 
thanks  go  to  G.  E.  Green  and  L.  C.  George  for  their  timely  aid  in 
completing  the  study.  We  thank  R.  A.  Dolbeer,  S.  Kerr,  D.  F.  Mott,  D. 
Otis,  E.  W.  Schafer,  Jr.,  N.  J.  Silvy  and  R.  E.  Williams  for  reviewing 
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NOTES  SECTION 


NEW  DISTRIBUTIONAL  INFORMATION  FOR  SOME  SNAKES  IN 
WESTERN  TEXAS. — John  S.  Mecham,  Department  of  Bilogical  Sciences, 
Texas  Tech  University,  Lubbock  TX  79409 . 

A  number  of  new  locality  records  available  to  the  writer  for  snakes  in  western  Texas 
represent  extensions  of  know  ranges,  and  are  thereby  deemed  worthy  of  note.  The  speci¬ 
mens  on  which  these  records  are  based  are  now,  or  will  be,  catalogued  in  the  herpetologi- 
cal  collection  of  the  Museum  of  Texas  Tech  University.  Nearest  previously  recorded 
localities  referred  to  in  the  text  have  been  taken  from  Brown  (An  Annotated  Check  List  of 
the  Reptiles  and  Amphibians  of  Texas,  Baylor  University  Press,  257  pp,  1950)  and,  or, 
Raun  and  Gehlbach  (Amphibians  and  Reptiles  in  Texas,  Bull.  2,  Dallas  Mus.  Nat.  Hist., 
61  pp  +  138  maps,  1972),  unless  otherwise  indicated.  Distributional  information  con¬ 
tained  in  these  two  combined  sources  has  not  yet  been  superseded  for  most  species  for  the 
areas  concerned.  The  new  records  are  as  follows: 

Coluber  constrictor :  Lubbock,  Co.,  Yellow  House  Canyon,  Double  Mountain  Fork  of 
the  Brazos  R.,  about  1  mi  SE  of  the  Lubbock  city  limits,  collected  by  S.  Reardon,  April 
26,  1981.  This  locality  partially  fills  a  large  gap  in  the  known  range  of  the  species  in 
western  Texas,  falling  some  150  mi  W  of  records  in  Baylor  and  Shackelford  Cos.,  70  mi 
SSW  of  a  record  from  Tule  Canyon  in  Swisher  Co.,  and  a  roughly  equivalent  distance  SE 
of  a  locality  in  eastern  New  Mexico  (Wilson,  Coluber  constrictor,  Cat.  Amer.  Amphib. 
Rept.,  218.1-281.4,  1978).  The  environment  in  Yellow  House  Canyon  is  considerably  less 
arid  than  the  rest  of  the  area,  and  survival  of  the  species  at  this  location  may  be  due  to 
this  fact.  The  specimen  has  8  supralabials,  a  character  that  would  seem  to  ally  it  with  the 
race  C.  c.  oaxaca  of  the  southwestern  U.  S.  and  Mexico. 

Elaphe  obsoleta  lindheimeri :  Nolan  Co.,  Pecan  Creek,  6  mi  N  of  Blackwell  on  Hwy. 
70,  2  speimens  collected  by  D.  Lintz,  April  10,  1976;  Coke  Co.,  1  mi  S  of  Robert  Lee,  2 
specimens  collected  by  N.  Williams,  June  22,  1963.  The  Nolan  Co.  record  extends  the 
range  some  45  mi  WSW  of  the  nearest  previously  recorded  locality  (Abilene,  Taylor  Co.). 
The  Coke  Co.  locality  falls  some  28  mi  NW  of  a  peripheral  record  in  Tom  Green  Co. 

Opheodrys  aestivus:  Nolan  Co.,  Pecan  Creek,  6  mi  N  of  Blackwell  on  Hwy.  70,  col¬ 
lected  by  J.  Mecham,  April  10,  1976.  This  locality  falls  some  20  mi  SW  and  55  mi  N  of 
peripheral  records  in  Taylor  and  Tom  Green  Cos.,  respectively. 

Thamnophis  sirtalis  annectans:  Taylor  Co.,  Sayles  Ranch,  8  mi  W  of  Buffalo  Gap  on 
FM  89,  Apr.,  1977,  “on  rocks  of  dam’’,  collector  unrecorded.  This  significant  record 
represents  a  westward  range  extension  of  some  100  mi  from  the  nearest  previously 
recorded  locality  in  Palo  Pinto  Co. 

Virginia  striatula:  Kimble  Co.,  Texas  Tech  University  Center  at  Junction,  2  specimens 
collected  by  R.  Packard  and  party,  March,  1973.  This  location  represents  a  modest  peri¬ 
pheral  extension  of  some  25  mi  S  and  40  mi  NW  of  prior  records  from  Menard  and  Kerr 
Cos.,  respectively. 

Storeria  dekayi  texana :  Kimble  Co.,  Texas  Tech  University  Center  at  Junction,  speci¬ 
mens  collected  by  R.  Packard,  October,  1972,  and  R.  Hendrickson,  October  26,  1974; 
Coke  Co.,  1  mi  S  of  Robert  Lee  on  the  Colorado  River,  collected  by  J.  Bull  and  G. 
Mengden,  April  25,  1971.  The  Kimble  Co.  record  represents  an  extension  from  localities 
in  Menard  and  Kerr  counties  similar  to  that  already  described  for  Virginia.  The  Coke  Co. 
locality  extends  the  known  range  some  28  mi  N  and  80  mi  WSW  of  peripheral  records  in 
Tom  Green  and  Callahan  Cos.,  respectively. 


192 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  XXXIV,  NO.  2,  1982 


A  SECOND  RECORD  OF  THE  ECTOPROCT  PECTIN ATELLA  MAGNIF- 
ICA  IN  TEXAS. — Stanley  D.  Casto  and  K.  W.  Johnson,  Department  of  Biology,  Uni¬ 
versity  of  Mary  Hardin- Baylor,  Belton,  TX  76513. 

On  30  September  1981,  Mr.  Don  Screws  delivered  to  the  University  of  Mary  Hardin- 
Baylor  a  large  gelatinous  mass  that  he  had  found  floating  in  the  water  while  fishing  in 
Belton  Lake  near  Winkler  Park,  Bell  County,  Texas.  An  examination  of  the  mass 
revealed  it  to  be  the  colonial  ectoproct  Pectinatella  magnifica.  The  specific  identification 
was  made  on  the  basis  of  the  numerous  statoblasts  produced  by  the  colony.  In  outline  the 
colony  was  subovular  with  a  greatest  diameter  of  0.3  m  and  a  thickness  of  0.1  m.  The 
underside  was  indented  suggesting  that,  in  its  earlier  develop-ment,  the  colony  had  been 
attached  to  a  stick  or  columnar  object. 

On  29  October  1981,  Mr.  Screws  reported  that  he  had  observed  two  additional  colonies 
in  the  vicinity  of  Winkler  Park.  On  7  November  an  intensive  search  of  the  park  area  was 
conducted  by  the  senior  author  and  Darrell  Watson.  This  search  was  negative,  suggesting 
that  the  floating  colonies  previously  observed  did  not  originate  in  the  park  area,  but  had 
perhaps  washed  in  from  the  upper  regions  of  the  lake. 

Pectinatella  magnifica  has  been  previously  collected  from  Caddo  Lake  in  East  Texas  by 
Everett  (Trans.  Amer.  Micro.  Soc.  94:130-134,  1975)  who  also  found  it  to  be  fairly  com¬ 
mon  in  Louisiana.  The  species  is  also  occasionally  abundant  in  Alabama  where  Dendy 
(Limnol.  Oceanogr.  8:478-482,  1963)  observed  colonies  that  were  more  than  1  m  in  diame¬ 
ter  and  0.3  m  in  thickness. 

The  collection  of  Pectinatella  magnifica  from  Belton  Lake  in  Central  Texas  represents 
the  second  record  of  this  species  in  Texas  and  a  westward  range  extension  of  over  200  mi 
from  its  earlier  collection  in  Caddo  Lake. 


BREEDING  PERIOD  OF  THE  LEAST  SHREW  ( CRYPTOT1S  PARVA 
(SAY))  AND  NEW  LOCALITIES  OF  SOME  CRICETID  RODENTS  IN 
TEXAS. —  Major  Richard  M.  Pitts,  HQ,  90th  ARCOM,  1920  Harry  Wurzbach  Hwy, 
San  Antonio,  TX  78209. 

On  March  18,  1977,  a  Least  Shrew  with  four  nursing  young,  was  captured  in  Killeen, 
Bell  Co.,  TX.  The  young  had  their  eyes  closed  and  were  hairless.  The  Least  Shrew  breed¬ 
ing  period  begins  in  early  March  and  extends  through  late  November  (Davis,  Mammals 
of  Texas,  Texas  Parks  Wildl.  Dept.,  Bull.  41,  1974)  and  the  gestation  period  is  21  to  23 
days  (Conaway,  Jour.  Mamm.,  39:507-512,  1958).  Using  the  gestation  period  information, 
it  can  be  assumed  that  the  breeding  period  begins  in  February.  This  record  also  confirms 
the  presence  of  the  Least  Shrew  in  Bell  Co.,  as  shown  in  the  proposed  range  by  Davis 
(1974). 

On  November  7,  1976,  an  Eastern  Wood  Rat,  Neotoma  floridana  was  caught  1.5  mi  NE 
of  Killeen,  Bell  Co.,  TX,  confirming  the  presence  of  this  species  as  shown  by  Davis 
(1974). 

On  December  26,  1976,  three  Texas  mice,  Peromyscus  attwateri,  were  captured  2  mi  SW 
of  Nolanville,  Bell  Co.,  TX.  This  is  a  range  extension  of  approximately  77  mi  SE  or  66 
mi  NE  (Hall,  The  Mammals  of  North  America,  John  Wiley  and  Sons,  Inc.,  p.  698,  1981). 

Peromyscus  petoralis,  the  White-ankled  Mouse,  was  captured  1.5  mi  NE  of  Killeen,  and 
3.3  mi  SE  of  Nolanville,  Bell  Co.  This  record  of  Peromyscus  pectoralis  fills  in  the  gap 
between  Burnet  County  and  Williamson  County  (Schmidly,  Southwest.  Nat.,  17:134-135, 
1972). 

All  specimens  have  been  identified  by  Dr.  Hershel  W.  Garner  and  are  on  deposit  in  the 
Tarleton  State  University  Mammal  Collection,  Stephenville,  TX  76402. 
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SHRIMP  UNLOADING  FACILITY  EFFLUENTS 
AND  THEIR  IMPACT  ON  LOCAL  WATER  QUALITY 


by  ELISABETH  D.  ELDER 

Biology  Department 
Georgia  Southwestern  College 
Americus,  GA  31709 

ABSTRACT 

A  large  number  of  the  seafood  processing  industries  located  on  the  Gulf  of  Mexico 
release  screened  effuents  directly  into  shore  waters.  With  multiple  commercial  and  recrea¬ 
tional  uses  being  made  of  these  waters,  assessing  the  impact  of  the  effulents  on  the  qual¬ 
ity  of  the  waters  is  particularly  important.  This  study  is  an  analysis  of  effluent  and  har¬ 
bor  samples  collected  from  Conn  Brown  Harbor  in  Aransas  Pass,  Texas.  Samples  from 
the  unloading  facilities  were  collected  from  thaw-tanks,  bilges,  and  drains.  Harbor  sam¬ 
ples  were  collected  from  areas  receiving  effluents  and  from  effluent-free  areas  to  assess  the 
impact  of  the  effluents. 

Data  were  analyzed  using  mean,  analysis  of  variance,  and  Duncan’s  new  multiple  range 
test.  From  these  data,  it  appears  that  the  unloading  facilities  studied  did  not  adversely 
affect  the  quality  of  the  harbor  water.  The  quality  did  not  vary  significantly  between 
effluent-free  and  effluent-receiving  areas.  The  parameters  monitored  also  did  not  vary 
significantly  with  the  passage  of  time.  The  study  area  did  not  meet  Texas  coastal  water 
quality  requirements  for  biochemical  oxygen  demand,  dissolved  oxygen,  and  oil  and 
grease.  Problems  in  water  quality  were  encountered  in  and  out  of  the  harbor  area  thus 
indicating  water  quality  problems  for  the  general  area,  not  just  the  effluent-receiving 
areas. 


INTRODUCTION 

Seafood  related  industries  are  very  important  in  the  economic  struc¬ 
ture  of  the  states  bordering  the  Gulf  of  Mexico.  One  area  where  this 
importance  is  illustrated  is  Aransas  Pass,  Texas.  Conn  Brown  Harbor 
in  Aransas  Pass  is  the  home  port  of  some  350  shrimping  vessels.  The 
harbor  is  rimmed  by  facilities  which  unload  the  shrimp.  As  is  true  with 
other  areas  on  the  Gulf  of  Mexico  coast,  treatment  facilities  are  not  cur¬ 
rently  available  to  receive  the  wastes  from  the  unloading  facilities.  As  a 
result,  screened  effluents  are  released  directly  into  shore  waters.  Since 
these  waters  are  used  for  many  other  commercial  and  recreational  pur¬ 
poses,  assessing  the  impact  of  the  effluents  on  the  water  quality  is  par¬ 
ticularly  important. 

Published  reports  on  shrimp  processing  and  the  resulting  effluent 
water  quality  do  no  include  the  Texas  coast.  The  published  reports 
describe  Pacific  shrimp  processing  (Harrison  and  Lee  1968),  Louisiana 
shrimp  canning  (Mauldin  and  Szabo  1974),  Maryland  seafood  plants 
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1,  2,  3,  4,  5,  6  -  Harbor  Station 

Figure  1.  Sampling  sites  in  and  around  Conn  Brown  Harbor. 

(Brinsfield  et  al.  1977),  and  Maine  shrimp  processing  (Ridley  and  Slaby; 
1978).  The  facilities  which  surround  Conn  Brown  Harbor  use  a  less 
complex  process  than  the  published  articles  reported.  In  Texas,  nearly 
100  percent  of  the  shrimp  landed  annually  are  decapitated  at  sea  to 
extend  the  length  of  time  the  shrimp  may  be  held  on  ice  prior  to  pro¬ 
cessing  (EPA  1974a).  The  shrimp  are  unloaded  by  suction,  carried  by 
conveyor  belt,  crated  in  100-pound  lots,  iced,  and  shipped.  This  process 
which  produces  green-headless  shrimp  is  much  less  complex  than  the 
scheme  for  the  Gulf  of  Mexico  processors  presented  by  the  EPA  (1974a) 
and  by  Mauldin  and  Szabo  (1974).  The  more  complex  process  includes 
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Table  1.  Duncan’s  new  multiple  range  test  for  the  water  quality  data  from  the  Conn 
Brown  Harbor  unloading  facilities  effluents  by  facility. 


Facility3 

Parameter 

1 

2 

3 

Salinity 

B 

B 

A 

3.66 

3.24 

11.55 

pH 

A 

A 

A 

7.14 

7.02 

7.18 

Temperature 

B 

A 

B 

18.66 

25.50 

16.50 

DO 

A 

A 

A 

9.32 

9.41 

9.18 

bod5 

A 

A 

A 

71.28 

76.19 

65.30 

Settleable  solids 

A 

A 

A 

733.98 

528.88 

532.72 

COD 

A 

A 

A 

809.53 

506.78 

926.96 

O&G 

A 

A 

A 

30.83 

35.47 

29.50 

Daily  pounds  shrimp 

A 

4670 

A 

4436 

b 

“Facilities  designated  by  the  same  letter  are  not  significantly  different.  Facilities  not 
designated  by  the  same  letter  are  significantly  different. 
bData  not  available. 


effluent  and  debris  producing  steps  such  as  peeling,  deveining,  blanch¬ 
ing,  and  canning. 

The  Conn  Brown  facilities  produce  approximately  1,000  liters  of 
effluent  each  per  day  of  operation.  The  screened  effluents  from  these 
facilities  are  the  only  wastewaters  entering  the  harbor.  Trapped  particu¬ 
late  matter  is  transported  to  a  sanitary  landfill. 

This  study  has  two  purposes.  The  first  is  to  characterize  the  effluents 
from  the  simplified  process  used  by  the  Conn  Brown  Harbor  facilities. 
The  second  is  to  analyze  the  impact  of  the  effluents  on  the  quality  of 
the  shore  waters.  Of  particular  interest  in  analyzing  the  impact  of  the 
effluents  are  the  Texas  coastal  water  quality  requirments  (Texas  Water 
Quality  Board  1967)  which  have  been  established  for  each  bay  system. 

MATERIALS  AND  METHODS 

Samples  were  collected  form  three  unloadiong  facilities  and  six  har¬ 
bor  stations  (see  Figure  1)  on  a  monthly  basis  from  April  through 
November.  The  effluent  samples  were  collected  from  the  three  facilities 
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Table  2.  Duncan’s  new  multiple  range  test  for  the  water  quality  data  for  the  Conn  Brown 
Harbor  facilities  effluents  by  type  of  sample. 


Type  of  sample3 

Parameter 

Thaw-tank 

Bilge 

Drain 

Salinity 

B 

B 

A 

3.45 

4.28 

16.85 

PH 

A 

A 

A 

7.01 

7.21 

7.30 

Temperature 

A 

A 

A 

20.89 

22.42 

24.00 

DO 

A 

A 

A 

9.08 

9.74 

10.09 

bod5 

A 

A 

A 

69.68 

82.18 

65.68 

Settleable  solids 

A 

A 

A 

12.80 

1.48 

0.03 

TSS 

A 

A 

A 

562.10 

307.67 

221.44 

COD 

A 

A 

A 

662.61 

669.81 

914.76 

O&G 

A 

A 

A 

26.41 

50.13 

0.00 

Daily  pounds  shrimp 

A 

32618 

A 

5100 

b 

aTypes  designated  by  the  same  letter  are  not  significantly  different.  Types  not  designated 
by  the  same  letter  are  significantly  different. 
bData  not  available. 


willing  to  participate  in  the  study.  Since  unloading  is  not  a  continuous 
activity,  the  number  and  type  of  effluent  samples  collected  each  month 
were  dependent  upon  availability  at  the  time  samples  were  collected. 
When  possible,  samples  were  collected  from  thaw-tanks,  drains,  and 
bilges.  Harbor  samples  were  collected  approximately  24  hours  after  the 
effluent  samples.  Three  harbor  stations  were  in  effluent-receiving  areas; 
three  were  in  effluent-free  areas.  All  samples,  collected  using  a  grab 
technique,  were  preserved  and  processed  according  to  EPA  recommen¬ 
dations  (EPA  1974b). 

Chemical  oxygen  demand  (COD)  was  determined  using  a  potassium 
dichromate  reflux  method  (Horwitz  1975)  which  included  corrections 
for  chloride  interference.  The  other  methods  used  were  found  in  Stand¬ 
ard  Methods  (American  Public  Health  Association  1975).  Biological 
oxygen  demand  (BOD5)  was  determined  using  the  five-day  membrane 
electrode  method  with  five  replications.  Oil  and  grease  (08cG)  were 
determined  by  a  semiwet  extraction  method.  This  method  was  chosen 
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Table  3.  Duncan’s  new  multiple  range  test  for  the  water  quality  data  for  the  Conn  Brown 
Harbor  unloading  facilities  effluents  by  month. 


Parameter 

Month3 

4 

5 

6 

7 

8 

9 

10 

11 

Salinity 

B 

B 

B 

B 

B 

B 

B 

A 

2.10 

5.34 

2.89 

3.70 

2.69 

4.85 

3.27 

9.61 

PH 

A 

A 

AB 

A 

B 

AB 

B 

B 

7.65 

7.45 

6.95 

7.45 

6.65 

6.90 

6.70 

6.78 

Temperature 

AB 

A 

A 

A 

A 

AB 

A 

B 

16.40 

22.8 

26.00 

25.67 

25.00 

18.00 

24.17 

15.38 

DO 

D 

A 

BC 

B 

BCD 

BCD 

D 

CD 

7.28 

12.34 

9.43 

9.71 

8.34 

9.08 

7.68 

8.17 

BOD5 

D 

A 

B 

B 

BC 

BC 

BCD 

CD 

29.12 

112.80 

81.08 

80.88 

72.38 

69.24 

53.63 

49.60 

Settleable  solids 

A 

A 

A 

A 

A 

A 

A 

A 

0.25 

1.58 

1.75 

1.37 

18.87 

30.10 

23.73 

3.98 

TSS 

A 

A 

A 

A 

A 

A 

A 

A 

211.00 

174.17 

204.65 

285.17 

768.50 

876.70 

753.27 

659. 1 1 

COD 

b 

b 

A 

A 

A 

A 

A 

A 

592.70 

991.87 

825.24 

426.99 

404.45 

750.97 

O&G 

b 

A 

A 

A 

A 

A 

A 

A 

165.25 

56.77 

60.99 

5.00 

35.19 

16.13 

32.00 

Daily  pounds 

B 

B 

B 

B 

A 

B 

B 

B 

shrimp 

2782 

2150 

4700 

11333 

183550 

8050 

12133 

5000 

aMonths  designated  by  the  same  letter  are  not  significantly  different.  Months  not  desig¬ 
nated  by  the  same  letter  are  significantly  different. 
bData  not  available. 


in  order  to  avoid  the  formation  of  an  emulsion  which  developed 
between  the  sample  and  solvent  in  the  separatory  funnel  method.  This 
emulsion  would  not  dissipate  with  recommended  procedures  (Pomeroy 
and  Wakeman  1941;  Taras  and  Blum  1968).  Imhoff  cones  were  used  for 
settleable  solids.  Glass  microfiber  filters,  dried  overnight  at  103-105  C, 
were  used  to  determine  total  suspended  solids  (TSS).  In  the  harbor,  pH, 
dissolved  oxygen  (DO),  temperature,  and  conductivity  were  determined 
with  a  Hydrolab  unit.  Conductivity  readings  were  converted  to  salinity 
using  standard  tables.  In  the  effluents,  pH  was  determined  with  a 
Coleman  pH  meter;  DO  was  determined  with  a  YSI  membrane  elec¬ 
trode;  temperature  was  determined  with  a  thermometer;  and  salinity 
was  determined  with  an  Endeco  refractometer/salinometer.  Data  for  the 
pounds  of  shrimp  processed  daily  were  provided  by  the  facilities. 

Data  were  analyzed  using  the  General  Linear  Models  (GLM)  proce¬ 
dure  of  the  Statistical  Analysis  System,  (SAS  76)  (Barr  et  al.  1976).  The 
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Table  4.  Duncan’s  new  multiple  range  test  for  the  water  quality  data  for  the  Conn  Brown 
Harbor  stations  by  month. 


Parameter 

Month3 

4 

5 

6 

7 

8 

9 

10 

11 

Salinity 

C 

D 

BC 

A 

A 

F 

B 

E 

17.06 

13.87 

18.96 

24.55 

27.06 

7.40 

21.25 

10.38 

PH 

C 

BC 

AB 

AB 

b 

A 

AB 

A 

8.30 

8.38 

8.58 

8.57 

8.67 

8.58 

8.71 

Temperature 

F 

E 

D 

A 

B 

C 

D 

F 

20.86 

24.42 

26.42 

32.43 

29.15 

27.74 

25.87 

20.55 

DO 

A 

B 

B 

A 

B 

C 

B 

B 

10.35 

7.86 

7.75 

16.26 

6.41 

4.96 

6.84 

7.19 

bod5 

b 

D 

BC 

CD 

CD 

D 

B 

A 

1.90 

3.88 

2.62 

2.35 

1.75 

5.39 

7.26 

Settleable  solids 

B 

B 

B 

B 

B 

A 

B 

B 

0.00 

0.00 

0.00 

0.00 

0.00 

0.03 

0.000 

0.000 

TSS 

D 

D 

c 

A 

B 

C 

c 

c 

76.67 

54.96 

262.40 

373.63 

331.77 

244.67 

260.67 

258.22 

08cG 

b 

B 

B 

B 

B 

A 

B 

AB 

0.05 

9.46 

1.67 

0.00 

70.38 

5.57 

30.45 

COD 

b 

b 

A 

AB 

BC 

A 

C 

C 

496.76 

381.38 

168.91 

539.64 

100.89 

63.36 

aMonths  designated  by  the  same  letter  are  not  significantly  different.  Months  not  desig¬ 
nated  by  the  same  letter  are  significantly  different. 
bData  not  available. 


types  of  analyses  used  were  mean,  analysis  of  variance  (ANOVA)  and 
Duncan’s  new  multiple  range  test.  A  5  percent  level  of  significance  was 
used  for  all  analyses. 

RESULTS  AND  DISCUSSION 

Effluent  data  were  analyzed  by  facility,  type  of  sample,  and  month  of 
collection.  Interactions  of  these  variables  were  not  significant  and  were 
deleted  from  the  model.  When  analyzed  by  facility  (see  Table  1),  efflu¬ 
ents  from  facility  2  had  significantly  higher  temperatures.  Effluents 
from  facility  3  had  higher  salinities.  When  analyzed  by  type  of  sample 
(see  Table  2),  drain  samples  had  higher  salinities.  When  analyzed  by 
month  (see  Table  3),  pH  readings  varied  by  month  with  high  values  in 
April,  Many,  and  July  and  low  values  in  August,  October,  and 
November.  Dissolved  oxygen  levels  were  highest  in  May  and  lowest  in 
April  and  October.  Biological  oxygen  demand  levels  were  highest  in 
May  and  lowest  in  April.  The  significantly  higher  volume  of  shrimp 
processed  in  August  did  not  correspond  with  significant  variations  in 
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Table  5.  Duncan’s  new  multiple  range  test  for  the  water  quality  data  for  Conn  Brown 
Harbor  stations  by  station. 


Variable 

Station3 

1 

2 

3 

4 

5 

6 

Salinity 

AB 

AB 

AB 

B 

A 

A 

16.07 

16.41 

16.28 

14.40 

18.01 

17.44 

PH 

A 

A 

A 

A 

A 

A 

8.55 

8.54 

8.58 

8.59 

8.45 

8.63 

Temperature 

A 

A 

A 

A 

A 

A 

26.09 

26.11 

25.84 

26.41 

26.31 

26.02 

DO 

A 

A 

A 

A 

A 

A 

7.62 

7.21 

7.37 

7.32 

7.78 

7.76 

BOD5 

A 

B 

AB 

AB 

B 

B 

4.72 

3.00 

3.80 

3.85 

3.15 

3.03 

Settleable  solids 

A 

A 

A 

A 

A 

A 

0.01 

0.01 

0.01 

0.00 

0.00 

0.00 

TSS 

B 

A 

AB 

AB 

A 

A 

209.83 

241.08 

224.88 

225.46 

251.25 

244.75 

O&G 

A 

A 

A 

A 

A 

A 

10.96 

44.25 

9.40 

11.11 

7.85 

17.21 

COD 

A 

A 

A 

A 

A 

A 

221.49 

390.44 

393.91 

282.32 

257.49 

205.31 

"“Stations  designated  by  the  same  letter  are  not  significantly  different.  Stations  not  desig¬ 
nated  by  the  same  letter  are  significantly  different. 


the  other  parameters.  The  parameters  monitored  did  not  vary  consist¬ 
ently  by  facility,  type  of  sample  or  month  of  collection. 

Harbor  samples  were  analyzed  by  month  and  collection  station. 
Interaction  of  month  and  station  was  found  not  to  be  significant  and 
was  deleted  from  the  analyses.  When  analyzed  by  month  (see  Table  4), 
every  parameter  varied  significantly.  Several  of  these  variations  could  be 
expected.  Salinity  and  temperature  were  highest  in  the  hot,  dry  summer 
months.  The  remaining  parameters  do  not  exhibit  seasonal  variations. 

Comparing  the  monthly  analyses  of  harbor  and  effluent  data  affords 
several  interesting  results.  In  November,  the  effluents  had  high  salinity 
levels  while  the  harbor  salinities  were  at  their  lowest.  Effluent  pH  read¬ 
ings  were  high  in  April,  May,  and  July;  harbor  readings  were  high  in 
September  and  November.  Effluents  DO  levels  were  high  in  May;  har¬ 
bor  levels  were  high  in  April  and  July.  Effluent  BODs  levels  were  high 
in  May;  harbor  levels  were  high  in  November.  Effluent  levels  of 
temperature,  settleable  solids,  TSS,  COD  and  O&G  did  not  vary  in  the 
monthly  analyses  of  effluents  but  did  vary  significantly  in  the  harbor. 
In  the  parameters  monitored,  the  harbor  levels  do  not  appear  to  be 
influenced  by  effluent  levels. 
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In  the  harbor  analyses  by  station  (see  Table  5),  most  of  the  parame¬ 
ters  did  not  vary  significantly  between  effluent-receiving  and  effluent- 
free  areas.  Salinity,  BOD5,  and  TSS  did  vary  by  sampling  location. 
Within  these  parameters  that  varied,  no  locational  patterns  were  evi¬ 
dent.  High  and  low  levels  of  all  parameters  occurred  in  both  effluent- 
free  and  effluent-receiving  areas. 

In  the  Texas  water  quality  requirements,  the  study  area  met  the 
requirments  for  chlorides,  filterable  residue,  and  pH.  Biochemical  oxy¬ 
gen  demand,  DO,  and  08cG  levels  exceeded  the  state  limits.  The  aver¬ 
age  harbor  BOD5  of  this  study,  3.62  mg/1,  exceeds  the  2.0  mg/1  per¬ 
missible  average.  In  the  study  area  where  DO  levels  should  not  be 
lower  than  7.0  mg/1,  each  station  was  lower  than  this  level  at  least  once 
during  the  study.  The  lowest  DO  reading  occurred  during  the 
November  sampling  at  effluent  station  4  where  no  detectable  oxygen 
was  present.  Although  this  area  is  required  to  be  “substantially  free 
from  oil,”  as  much  as  272.73  mg/1  of  floating  oil  were  found  during 
this  study.  Since  both  effluent-free  and  effluent-receiving  harbor  waters 
failed  to  meet  the  state  requirements,  water  quality  problems  for  the 
general  area  are  indicated. 

CONCLUSIONS 

Releasing  the  screened  effluents  from  shrimp  unloading  facilities 
into  Conn  Brown  Harbor  does  not  appear  to  have  adversely  affected  the 
quality  of  the  harbor.  Although  state  water  quality  requirements  for 
BOD,  DO,  and  08cG  were  not  met,  both  effluent-free  and  effluent¬ 
receiving  areas  failed  to  comply.  The  water  quality  is  not  significantly 
different  in  effluent-receiving  and  effluent-free  areas. 

The  assimilation  of  the  effluents  by  the  harbor  may  be  the  result  of 
several  factors.  One  factor  is  decapitating  the  shrimp  at  sea  which  will 
decrease  the  effluent  load.  Another  is  the  simplified  process  used  by  the 
Conn  Brown  facilities.  Bypassing  the  peeling,  deveining,  blanching, 
and  canning  steps  will  decrease  the  effluent  load.  Should  any  changes 
be  made  in  the  process  used  or  the  product  handled,  the  effluents  and 
their  impact  will  have  to  be  reanalyzed. 
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ABSTRACT 

This  paper  reports  measurements  of  three  characteristics  of  mustache  hairs  which 
apparently  have  not  been  studied  previously,  namely,  the  distribution  of  hair  lengths,  the 
rate  of  hair  growth,  and  the  rate  of  hair  loss,  or  weathering.  A  census  of  hair  lengths 
indicates  that  the  ratio  of  the  growth  rate  G  and  loss  rate  D  is  approximately  constant 
over  significant  portions  of  a  hair’s  life,  and  thus  the  distribution  of  hair  lengths  L  is 
proportional  to  exp(-DL/G).  The  data  suggest  that  the  loss  rate  D  increases  abruptly 
when  the  hairs  become  longer  than  about  40  mm,  the  length  at  which  natural  weathering 
rates  seem  to  increase. 

INTRODUCTION 

Previous  studies  of  facial  hair  growth  have  focused  on  cycles  of 
growth  (Saitoh  et  al.  1969;  Saitoh  et  al.  1970;  Montagna  1976;  Taka- 
shima  and  Kawagishi  1976),  hair  weathering  (Swift  and  Brown  1974), 
methods  of  measuring  hairs  (Maibach  1976),  and  bald  humor  (Peberdy 
1961).  No  studies  of  mustache  hair  have  reported  either  the  hair  growth 
rate,  hair  weathering  rate,  or  length  distribution.  Exponential  models 
of  hair  length  distribution  can  be  used  to  document  weathering  in 
mustaches  and  may  prove  to  be  useful  for  studying  weathering  in  var¬ 
ious  other  types  of  hair.  We  report  here  measurements  of  the  distribu¬ 
tion  of  hair  lengths  in  the  untrimmed  mustache  of  a  30-year-old  Cau¬ 
casian  male  (Fig.  1)  and  interpret  age-dependent  mortality  as 
length-dependent  hair  weathering. 

METHODS 

To  determine  the  distribution  of  hair  lengths,  we  divided  the  mus¬ 
tache  into  about  a  dozen  hair  clusters  kept  separate  by  drafting  tape. 
The  length  of  individual  hairs  in  each  cluster  was  measured  to  the 
nearest  millimeter  with  a  small  transparent  ruler.  Three  distinct  groups 
of  mustache  hairs  were  measured  (Table  1,  Fig.  2)— the  entire  left  side 
of  the  mustache  in  October  1976  (843  hairs  total)  when  the  owner  had 
worn  no  beard  for  over  two  years,  the  entire  left  side  in  October  1977 
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Figure  1.  Photograph  of  the  mustache  analyzed  in  this  study.  This  mustache  had  not 
been  shaved,  clipped  or  trimmed  for  more  than  seven  years  when  this  picture  was 
taken. 


(838  hairs  total)  when  the  owner  had  worn  a  full  beard  for  nearly  a 
year,  and  the  entire  right  side  in  October  1977  (717  hairs  total). 

So  that  we  could  estimate  the  hair  growth  rate  G,  0.5  cm2  patches 
were  shaved  on  each  side  of  the  mustache  just  above  the  lip  and  13  mm 
from  the  center  of  the  mustache.  About  once  a  week  the  lengths  of  6  to 
8  hairs  from  each  of  these  patches  were  measured.  For  comparison,  hair 
growth  rate  on  the  chin  of  the  subject  was  measured  in  the  same 
manner. 


RESULTS 

For  the  hair  growth  rates  monitored  in  shaved  patches  of  the  mus¬ 
tache,  a  linear  regression  analysis  revealed  that  the  average  growth  rate 
was  G  =  0.24  ±  0.01  mm/day.  This  estimate  may  be  low,  since  some  of 
the  hairs  may  be  in  a  quiescent,  or  telogen,  phase  of  the  growth  cycle 
(Saitoh  et  al.  1970;  Montagna  1976).  To  avoid  this  problem,  we 
repeated  the  regression  analysis  including  only  the  longest  hair  mea¬ 
sured  on  each  side  each  week  (Fig.  3).  In  this  case,  the  measured  growth 
rate  was  G  =  0.28  +  0.01  mm/day.  In  comparison,  hair  growth  rate  on 
the  chin  of  the  subject  was  about  0.40  mm/day. 

For  each  of  the  three  populations  of  mustache  hair  lengths  measured, 
a  semi-log  plot  of  the  number  N  of  hairs  longer  than  a  given  length  L 
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Table  1.  The  number  of  hairs  N  with  length  equal  to  or  larger  than  L  in  one  side  of  the 
mustache.  Numbers  in  the  column  beneath  Na  refer  to  measurements  made  on  the 
right  side  in  October,  1977;  numbers  beneath  Nb  refer  to  measurements  on  the  left 
side,  October,  1977;  and  numbers  beneath  Nc  refer  to  measurements  made  on  the  left 
side,  October  1976. 


L(mm) 

Na 

Nb 

Nc 

L(rnm) 

Na 

Nb 

Nc 

1 

717 

838 

843 

58 

54 

55 

10 

4 

552 

674 

698 

61 

41 

36 

7 

7 

467 

555 

554 

64 

34 

23 

3 

10 

410 

465 

444 

67 

28 

18 

2 

13 

361 

384 

359 

70 

22 

15 

1 

16 

326 

347 

317 

73 

15 

11 

1 

19 

300 

308 

265 

76 

11 

8 

1 

22 

265 

275 

236 

79 

10 

6 

1 

25 

240 

247 

204 

82 

8 

5 

1 

28 

215 

226 

183 

85 

7 

5 

1 

31 

198 

201 

164 

88 

5 

3 

1 

34 

179 

185 

146 

91 

4 

3 

1 

37 

165 

168 

121 

94 

2 

2 

0 

40 

150 

148 

93 

97 

2 

1 

43 

127 

134 

70 

100 

2 

1 

46 

110 

118 

54 

103 

2 

1 

49 

94 

98 

44 

106 

2 

0 

52 

80 

85 

28 

109 

1 

55 

67 

70 

21 

112 

0 

(Fig.  2)  consists  of  three  straight-line  segments.  The  pattern  of  three 
subpopulations  found  each  time  the  mustache  hairs  were  measured 
could  be  explained  in  two  quite  different  ways.  It  is  possible  that  there 
are  three  different  groups  of  hairs  in  the  mustache,  each  with  its  indi¬ 
vidual  growth  characteristics.  Alternatively,  there  may  be  one  popula¬ 
tion  of  hairs  with  growth  or  disappearance  rates  which  change  depend¬ 
ing  on  the  length  of  the  individual  hairs.  For  example,  the  distribution 
of  lengths  of  mustache  hairs  (Fig.  2)  resembles  the  pattern  of  exponen¬ 
tial  decay  observed  in  radioactive  nuclei  and  also  resembles  the  survi¬ 
vorship  curves  of  many  animal  populations  (Deevey  1947).  The 
mathematical  models  which  describe  survivorship  in  populations  of 
organisms  appear  to  apply  to  this  population  of  mustache  hairs  as 
well. 


LENGTH  DISTRIBUTION  MODEL 

Suppose  that  each  day  new  hairs  are  generated  or  “born”  in  the 
mustache  at  a  constant  rate.  In  addition,  let  D  be  the  mortality  rate,  the 
chance  each  day  that  any  individual  hair  will  fall  out  or  be  pulled  out. 
Then  if  the  number  of  hairs  with  length  between  L  and  L  +  dL  is 
ndL,  the  number  of  these  that  disappear  in  a  time  dt  will  be  dndL  = 
"DndtdL;  and  so 


210 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  XXXIV,  NOS.  3  &  4,  1982 


Figure  2.  Cumulative  distribution  of  hair  lengths  in  the  mustache  for  (a)  right  side  (717 
hairs  total)  in  October  1977,  when  the  owner  had  worn  a  full  beard  for  nearly  a  year; 
(b)  left  side  (838  hairs  total)  in  October  1977,  when  mustache  was  worn  with  a  full 
beard;  and  (c)  left  side  (843  hairs  total)  in  October  1976.  Open  circles  designate  the 
measured  cumulative  distribution.  The  straight-line  segments  through  these  mea¬ 
surements  were  determined  by  inspection  after  dividing  each  distribution  into  groups 
of  short,  medium,  and  long  hairs  (separated  by  vertical  lines  in  the  figure)  and  then 
fitting  each  line  segment  by  “eye”  with  a  straight-edge. 
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Figure  3.  Length  of  mustache  hair  vs.  time  since  last  shave.  These  data  indicate  a 
growth  rate  of  0.28  +  0.01  mm/day.  Squares  designate  the  longest  hair  from  a  patch 
on  the  left  side.  Circles  designate  the  longest  hair  from  a  patch  on  the  right  side. 

n  =  n0exp  [— Dt].  (1) 

If  a  hair  of  length  L  has  grown  at  a  constant  rate  G  mm  each  day  for  t 
days,  then  L  =  Gt  and  thus 

n  =  nQexp  [— DL/G]. 

The  total  number  N  of  hairs  longer  than  L  will  be 
N  =  n0  Jl  exp  [~DL/G]dL 
=  G^°  exp  [—DL/G]. 

A  semilog  plot  of  this  distribution  will  be  the  straight  line 

logeN  =  loge  No— CL 

with  slope  C  =  D/G  and  intercept  Nc  =  Gn0/D. 

The  equations  must  be  mofidied  slightly  if  either  D  or  G  varies  as 
the  length  L  changes.  However,  a  semilog  plot  of  the  resulting  cumula¬ 
tive  distribution  will  still  possess  the  same  straigt-line  form  as  in  (1) 
over  any  range  of  lengths  in  which  G  and  D  do  not  change. 

DISCUSSION 

The  presence  of  straight-line  segments  in  a  semilog  plot  of  mustache 
hair  lengths  suggests  that  within  each  segment  the  distribution  is  con- 
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sistent  with  the  simplified  exponential  model.  Within  each  segment  the 
hair  growth  rate  G  and  death  rate  D  apparently  do  not  change  greatly. 
There  are  apparently  clear  changes  in  the  mustache  hair  population  at 
lengths  of  about  10  mm  and  also  at  40  to  50  mm. 

However,  there  is  evidence  that  hairs  shorter  than  about  10  mm  do 
represent  a  different  subpopulation  within  the  mustache.  Many  of  these 
hairs  differed  in  appearance  from  longer  hairs,  being  straight  and  pale 
instead  of  wavy  and  dark.  These  hairs  may  be  more  closely  related  to 
the  vellus  hairs  (which  cover  many  of  the  so-called  hairless  portions  of 
the  body)  than  to  the  terminal  hairs  which  make  up  the  bulk  of  scalp, 
beard,  and  mustache  hairs  (Montagna  1976). 

We  suggest  that  the  rest  of  the  hairs  in  the  mustache  are  of  one  type 
and  that  changes  of  slope  in  the  length  distribution  plot  (Fig.  2)  are 
caused  by  changes  in  the  model  parameters  D  or  G.  In  particular,  the 
changing  slope  of  the  curves  in  Figure  2  could  occur  if  the  mortality 
rate  D  increases  by  more  than  a  factor  or  two  as  the  hairs  reach  a 
length  of  about  40  to  50  mm.  This  would  indicate  that  different  selec¬ 
tive  pressures  are  being  exerted  on  longer  hairs. 

Hairs  of  length  greater  than  40  mm  are  just  long  enough  to  become 
caught  easily  in  the  mustache  owner’s  teeth  while  he  eats  or  while  he 
cleans  his  teeth  with  dental  floss.  Thus  the  difference  in  slope  between 
the  second  and  third  joined  line  segments  in  each  of  the  distributions 
(Fig.  2)  probably  represents  the  additional  mortality  due  to  weathering 
factors  affecting  long  hairs.  Furthermore,  D  is  lower  when  the  owner 
has  been  wearing  a  beard  for  several  months  (Fig.  2B)  than  when  he 
keeps  his  lower  face  clean-shaven  (Fig.  2C).  This  may  be  because  the 
beard  tends  to  “catch”  long  mustache  hairs  at  the  edges  of  the  must¬ 
ache,  effectively  causing  long  mustache  hairs  in  the  presence  of  a  beard 
to  be  under  a  different  selective  regime  than  hairs  in  the  presence  of  a 
clean-shaven  chin. 

Another  possible  explanation  for  the  change  in  slope  is  that  the 
growth  rate  G  changes  abruptly  as  the  hairs  reach  a  length  of  40  mm. 
Variations  in  the  length  of  anagen,  or  growth,  phase  have  been  docu¬ 
mented  for  scalp  hair  (Saitoh  et  al.  1969),  and  other  factors  like  nutri¬ 
tion  and  hormone  state  could  explain  the  observed  changes  in  slope. 
However,  mustache  growth  rates  in  our  study  did  not  vary  much  dur¬ 
ing  two  months  of  measurements  (straight  line  fit  in  Fig.  3).  In  addi¬ 
tion,  it  seems  unlikely  that  either  the  average  growth  rate  G  or  the 
pattern  of  growing  cycles  would  change  from  one  year  to  the  next  as 
observed  for  the  longest  hairs  (Figs.  2B  and  2C).  Thus  a  change  in  mor¬ 
tality  rate  D  is  our  preferred  explanation  for  the  observed  change  in  the 
slope. 

Several  hairs  were  more  than  100  mm  long  (Fig.  2).  If  G  were  con¬ 
tinuous  at  an  average  of  0.28  mm/day,  these  lengths  suggest  that  indi- 
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vidual  hairs  could  grow  for  more  than  a  year.  Clearly,  if  a  population 
of  hairs  grew  in  an  environment  where  little  or  no  weathering 
occurred,  then  the  length  distribution  would  include  “juvenile”  grow¬ 
ing  hairs  as  well  as  a  large  number  of  fully  grown  “adult”  hairs  in 
their  quiescent  phase  of  growth.  In  the  present  study,  there  are  no 
groups  of  longer  hairs  clustered  around  approximately  the  same  length 
mode,  as  would  be  expected  for  an  “adult”  population.  Thus  these  data 
suggest  that  hairs  are  weathered  away  before  the  end  of  their  gowing 
cycle. 

If  growing  phases  for  hairs  do  last  as  long  as  a  year,  this  contrasts 
sharply  with  the  results  from  a  study  of  hair  growth  cycles  of  three 
Japanese  men  (Saitoh  et  al.  1970).  Growing  periods  (anagen  phases)  of 
mustache  hairs  for  these  men  averaged  89  days,  and  the  maximum 
observed  growth  period  from  a  sample  of  266  hairs  was  200  days.  The 
Japanese  study  did  not  present  growth  rates  for  mustache  hairs,  but  the 
reported  growth  rate  for  beard  hairs  on  the  chin  (0.27  mm/day)  was 
much  lower  than  the  growth  rate  for  chin  hairs  measured  from  the  sub¬ 
ject  of  the  present  study  (0.40  mm/day).  Previous  investigations  of  scalp 
and  beard  hairs  (Hamilton  1958,  Saitoh  et  al.  1969)  have  demonstrated 
the  existence  of  racial  differences  in  various  hair  characteristics.  If 
Caucasians  possess  faster  growth  rates  and  longer  growing  cycles  for 
mustache  hairs  than  Orientals,  then  this  explains  why  most  Caucasians 
seem  to  be  able  to  grow  longer  mustaches. 
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ABSTRACT 

Male  albino  rats  were  raised  in  constant  darkness  from  birth  to  determine  if  sexual 
maturity  was  attainable.  The  effects  of  alternating  12-hour  periods  of  darkness  and  light 
on  testicular  development  and  subsequent  reproductive  performance  were  also  studied. 
Miscroscopic  examination  of  serial  sections  of  testicular  tissues  revealed  no  statistically 
significant  difference  at  the  0.05  level  of  probability  in  either  the  rate  of  germinal  epithel¬ 
ium  development  or  in  the  average  size  of  the  seminiferous  tubules  in  both  experimental 
and  control  groups.  Two  groups  of  40  animals  each,  aged  70  days,  which  had  been  kept 
in  darkness  and  in  a  normal  diurnal  environment  respectively  were  individually  placed 
with  fertile  females.  Viable  offspring  were  produced  from  each  mating  within  a  month, 
which  indicated  that  the  normal  reproductive  potential  was  reached.  It  was  further  shown 
that  alternating  the  12-hour  periods  of  illumination  and  darkness  did  not  affect  reproduc¬ 
tive  development. 


INTRODUCTION 

Natural  selection  favors  the  development  of  systemic  control  systems 
which  utilize  the  most  prominent  information  and  initiate  the  repro¬ 
ductive  process  to  occur  at  a  time  when  the  survival  of  the  young  is 
most  probable.  During  the  reproductive  process  a  number  of  cyclic 
changes  may  occur  in  the  reproductive  apparatus  as  well  as  in  the 
behavior  of  the  animal.  Two  external  factors  that  are  capable  of  timing 
reproductive  rhythms  are  light  and  temperature. 

According  to  Farner  and  Follett  (1966)  the  testicular  photoperiod  is 
the  most  consistent  indicator  of  the  time  of  year  when  breeeding  may 
be  most  effective.  Wolfson  (1966)  showed  that  exposure  to  long  days 
immediately  after  the  testes  had  regressed  did  not  evoke  a  testicular 
response  in  the  house  sparrow,  the  redstart,  the  starling  or  the  white- 
crowned  sparrow. 

Fiske  (1944)  stated  that  male  rats  kept  in  continuous  light  or  dark¬ 
ness  as  long  as  150  days  showed  very  marked  differences  in  pituitary, 
seminal  vesicle  and  testicular  weights.  Testes  of  animals  kept  under 
constant  light  underwent  more  active  spermatogenesis  and  contained 
larger  tubules  than  males  kept  in  darkness. 
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McCreery  and  Farner  (1979)  studied  the  effects  of  light  on  proges¬ 
terone  levels  in  sparrows.  During  the  course  of  photoperiodically 
induced  testicular  growth  and  regression  in  the  white-crowned  sparrow 
(Zonotrichia  leucophrys  gambelii),  the  concentration  of  progesterone  in 
plasma  ranged  from  about  400-1000  pg/ml  but  was  at  no  time  signifi¬ 
cantly  different  from  that  of  the  controls  maintained  on  constant  short 
days  (8  hours  light,  16  hours  dark).  The  levels  of  progesterone  of  four 
castrated  males  were  within  the  ranges  of  those  of  the  stimulated  birds 
and  of  the  short-day  controls. 

The  total  testicular  content  of  DNA,  RNA  and  protein  decreased 
sharply  in  the  hamster  Mesocricetus  auratus  with  shortened  photope¬ 
riod  and  in  the  ground  squirrel  Spermophilus  tridencemtineatus  dur¬ 
ing  the  spring  breeding  season  (Greendyke  et  al.  1979).  DNA  and  RNA 
per  unit  mass  of  testes  increased  in  both  species  of  animals,  while  pro¬ 
tein  remained  fairly  stable.  Decreases  in  testicular  protein  synthesis  evi¬ 
dently  were  due  to  a  decrease  in  RNA  content  and  not  to  alteration  of 
the  translational  activity  of  the  RNA. 

Lynch  and  Gendler  (1980)  studied  the  multiple  responses  of  mice 
exposed  to  various  photocycles.  The  mouse  Pedomyscus  leucopus  exhi¬ 
bited  multiple  responses  to  different  day  lengths.  The  winter  molt  and 
gonadal  regression  were  completed  in  populations  chemically  exposed 
to  12,  11,  10  or  9  hours  of  light  daily  while  hypertrophy  of  brown  fat 
and  occurrence  of  daily  torpor  were  greater  in  mice  on  9  or  10  hours 
light  when  compared  with  those  animals  on  11  or  12  hour  photocycles. 
A  precisely  critical  day-length  was  not  observed  in  mice  for  gonadal 
regression,  occurrence  of  daily  tarpor  or  hypertrophy  of  brown  fat.  Cer¬ 
tain  mice  never  exhibited  a  short-day  response  following  12  weeks 
exposure  to  12,  11,  10  or  9  hour  photocycles.  Although  many  studies 
have  been  conducted  to  determine  the  effects  of  light  on  the  reproduct¬ 
ive  cycle,  no  experiment  has  been  done  to  determine  whether  animals 
raised  in  complete  darkness  from  birth  could  reach  sexual  maturity. 
This  study  was  undertaken  to  show  the  effect  of  light  on  sexual  matur¬ 
ity. 


MATERIALS  AND  PROCEDURES 

Sprague-Dawley  derived  albino  rats  were  used  in  this  investigation. 
Two  groups  of  animals  were  raised  in  different  environments.  The 
treatment  group  was  born  and  raised  in  constant  darkness  in  a  con¬ 
trolled  environmental  chamber  maintained  at  a  constant  temperature  of 
21  C  and  50  percent  relative  humidity.  The  control  group  was  reared 
under  the  normal  diel  cycle  of  environment,  including  light.  Both 
groups  were  fed  a  blanced  diet  of  Purina  Laboratory  Chow  (Ralston 
Purina  Co.,  St.  Louis,  MO). 
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Table  1.  Diameters  of  seminiferous  tubules  of  rats  of  various  ages  grown  under  a  normal 
diel  light  cycle  (control)  and  in  constant  darkness  (treatment). 


Age 

(day) 

Mean  ±  S.D. 

Diameter  of  Seminiferous  Tubules 

Control  Group 

Treated  Group 

42 

2.47  ±0.19 

2.34  ±  0.23 

49 

2.50  ±  0.20 

2.44  ±0.14 

56 

2.41  ±  0.14 

2.30  ±  0.11 

63 

2.61  ±  0.62 

2.59  ±  0.31 

70 

2.76  ±0.71 

2.73  ±  0.45 

Each  group  was  subdivided  into  samples  of  8  animals  each.  These 
were  sacrificed  at  42,  49,  56,  63  and  72  days  post-treatment.  Testes  were 
removed  and  fixed  in  buffered  neutral  formalin  solution.  Complete 
serial  sections  were  made  through  the  entire  testes  of  each  control  and 
treated  animal.  A  Spencer  “820”  microtome  was  used  for  sectioning, 
and  Mayer’s  hematoxylin-eosin  and  Berg’s  staining  techniques  were 
employed.  The  diameters  of  the  seminiferous  tubules  in  various  stages 
of  development  in  both  experimental  and  control  groups  were  studied 
with  a  light  microscope  at  43X  and  100X. 

RESULTS  AND  DISCUSSION 

A  comparative  study  of  testes  development  between  the  two  groups 
was  made  by  examining  sections  of  the  testes  with  a  light  microscope. 
Seminiferous  tubule  growth  was  based  on  measurements  taken  through 
the  largest  diameter  of  a  representative  number  of  tubules.  Average  ± 
standard  deviation  (S.D.)  of  diameters  of  the  seminiderous  tubules  are 
given  in  Table  1. 

Microscopic  examination  of  testicular  tissue  taken  from  animals  of 
each  group,  sacrificed  at  42,  49,  56,  63,  and  70  days  of  age,  respectively, 
revealed  no  statistically  significant  difference  at  the  0.05  level  in  either 
the  rate  of  development  of  germinal  epithelium  or  in  the  average  size  of 
the  seminiferous  tubules.  Five  generations  of  germ  cells  were  present  in 
both  groups  at  42  days  of  age.  These  generations  included  the  sperma- 
togonial  zone,  primary  and  secondary  spermatocytes,  spermatids,  and 
spermatozoa.  Only  a  few  spermatozoa  were  found  in  each  testis,  but 
their  presence  indicated  that  cell  division  was  progressively  increased  in 
thickness  and  the  spermatozoa  had  become  more  numerous  in  rats  up 
to  70  days  of  age  when  the  spermatozoa  were  densely  packed  in  the 
lumen  of  the  seminiferous  tubules.  At  70  days  of  age  the  male  rats  of 
both  groups  were  individually  mated  with  fertile  females  under  dark 
adaptation  conditions.  Within  one  month,  viable  offspring  were  pro¬ 
duced  from  each  mating.  This  indicated  that  the  normal  reproductive 
potential  had  been  reached  in  both  groups  of  rats. 
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The  results  of  this  experiment  indicated  that  sexual  maturity  could 
be  attained  in  male  rats  grown  in  complete  darkness  from  birth.  It  was 
further  shown  that  alternating  12  hour  periods  of  illumination  and 
darkness  did  not  affect  reproductive  development. 

It  is  concluded  that  light  may  not  be  necessary  to  stimulate  the 
release  of  gonadotrophic  hormones  from  the  pituitary  glands  of  rats. 
Since  the  rat  is  a  nocturnal  animal  and  its  reproductive  period  is  short, 
the  need  to  reproduce  at  an  early  age  might  explain  the  early  develop¬ 
ment  of  germ  cells  in  rats  raised  in  constant  darkness. 
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ABSTRACT 

A  method  of  wetland  assessment  using  existing  multi-year  aerial  photography  is  pres¬ 
ented  and  analyzed.  The  utility  of  this  approach  for  ecological  studies  is  demonstrated  by 
examining  an  aerial  photographic  analysis  of  sequential  photography  of  a  wetland  along 
the  Texas  coast.  In  the  absence  of  field  verification,  wetland  photographs  were  independ¬ 
ently  photoin terpreted  to  estimate  the  accuracy  of  the  results. 

Independent  photointerpretations  produced  consistent  results.  An  average  of  87  percent 
of  the  total  study  area  was  identically  photointerpreted  with  regard  to  the  broadest  level 
of  classification  (estuarine  wetlands,  palustrine  wetlands,  uplands).  Total  areas  of  each 
wetland  type  were  within  3.4  percent  on  the  average.  Trends  supported  by  both  interpre¬ 
tations  included  a  fragmentation  of  intertidal  estuarine  flats  by  the  invasion  of  emergent 
vegetation  and  a  general  shift  from  estuarine  wetlands  to  upland. 

Aerial  photographic  analysis  of  wetlands  is  an  underutilized  approach  in  small-scale 
ecological  studies.  It  provides  accurate  assessment  of  existing  wetland  types  using  current 
photography,  and  with  multi-year  photography,  provides  trend  information  which 
enhances  environmental  interpretation  with  greater  accuracy  and  reduced  manpower. 


INTRODUCTION 

The  importance  of  wetlands  has  been  acknowledged  only  recently. 
Historically,  wetlands  were  seen  as  useless  wastelands  requiring  recla¬ 
mation  before  having  value.  This  attitude  caused  a  rapid  decline  in  an 
already  limited  resource.  Wetlands  decreased  nationwide  about  0.2  per¬ 
cent  per  year  from  1922  to  1954  and  about  0.5  percent  since  (Gosselink 
and  Baumann  1980),  with  considerable  geographic  variation  in  rates  of 
decrease.  Contemporary  thought,  reflected  by  the  U.S.  Coastal  Zone 
Management  Act  of  1972,  recognizes  the  value  of  these  highly  produc¬ 
tive  habitats.  Consequently,  there  has  been  a  continuing  effort  to  inven¬ 
tory  and  monitor  wetlands  to  assess  the  impact  of  natural  and  man- 
caused  occurrences.  Gosselink  and  Baumann  (1980)  have  summarized 
national,  state,  and  regional  inventories  giving  their  status,  sponsoring 
agency,  and  reference,  if  completed. 

Aerial  photographic  analysis  has  played  an  important  role  in 
wetland  inventory  and  assessment.  Since  World  War  II  it  has  been  the 
primary  method  of  inventorying  wetlands  on  a  large  scale.  Much 
information  can  be  obtained  from  the  analyses  of  medium  and  large- 
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scale  aerial  photographs.  Even  from  small-scale  photographs,  habitats 
as  small  as  0.5  ha  can  be  recognized  and  delineated  with  a  minimum  of 
ground  checking  (Carter  et  al.  1979).  Olson  (1965)  scientifically  ana¬ 
lyzed  the  use  of  aerial  photographs  in  studies  of  marsh  vegetation.  He 
and  others  have  found  that  aerial  photographs  are  useful  for  recogniz¬ 
ing  plant  associations  and  even  individual  species  (Gallager  1977). 
Howlan  (1980)  found  color  infrared  photography  to  be  particularly  use¬ 
ful  in  identifying  vegetation.  This  is  due  to  the  high  spectral  reflec¬ 
tance  of  vegetation  in  the  near  infrared  wavelengths. 

A  significant  advantage  of  aerial  photographic  analysis  is  the  per¬ 
manent  data  record  on  the  photograph,  making  it  possible  to  assess 
changes  occurring  through  time.  Temporal  assessments  are  difficult 
when  the  data  must  be  collected  in  the  field.  Regardless  of  the  initial 
intent,  existing  photography  can  be  reanalyzed  in  conjunction  with 
current  photography  to  determine  causes,  effects,  and  possibly  project 
future  trends  in  wetland  dynamics. 

Our  purpose  is  to  present  an  inexpensive  method  of  temporal  aerial 
assessment  useful  for  ecological  assessments.  We  do  this  by  describing  a 
case  analysis. 

MATERIALS  AND  METHODS 


Study  Area 

The  purpose  of  this  paper  is  to  present  a  methodology,  and  we  hope 
that  the  study  is  not  viewed  as  site-specific.  For  reference,  however,  the 
photographs  cover  an  area  of  approximately  60  hectares  at  the  southern 
edge  of  the  city  limits  of  Aransas  Pass  in  San  Patricio  County,  Texas. 
This  estuarine  wetland  along  the  Texas  Gulf  Coast  is  described  in 
more  detail  in  Hendricks  et  al.  (1981). 

Photographic  Resources  and  Equipment 

The  photography  used  was  existing,  medium-scale  (1:20,000  and 
1:24,000),  sequential  photography  taken  over  a  period  of  24  years  (1956, 
1961,  1969,  1976  and  1979).  The  photography  for  1956-69  was  a  series  of 
9"  x  9 "  black  and  white  prints  consisting  of  at  least  two  offset  views  for 
each  year  to  allow  stereoscopic  interpretation.  The  years  1976  and  1979 
were  represented  by  9"  x  9"  color  infrared  prints  in  stereoscopic  pairs 
obtained  from  the  Remote  Sensing  Center  at  Texas  A&M  University. 
The  black  and  white  photography  was  obtained  from  the  U.S.  Depart¬ 
ment  of  Agriculture  in  Salt  Lake  City,  but  such  medium-scale  photo¬ 
graphy  is  frequently  available  for  many  areas  from  various  commercial 
firms. 

The  stereoscopic  photointerpretation  was  performed  using  a  Bausch 
&  Lomb  Stereo-Zoom  Scope  with  variable  power  from  2x  to  25x.  A  var- 
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iety  of  stereoscopes  is  commercially  available,  typically  with  interchan¬ 
geable  oculars  allowing  1.5x  to  6x  magnification.  It  is  rare  to  use  mag¬ 
nifications  greater  than  6x  with  traditional  medium-scale  photography. 
The  wetland  types  were  delineated  using  the  classification  system  of 
Cowardin  et  al.  (1979),  following  the  wetland  mapping  conventions  of 
the  National  Wetlands  Inventory  (U.S.  Department  of  the  Interior 
1980).  Delineations  were  made  on  clear  overlays  (stable-base  Mylar), 
covering  the  photographs,  using  a  4X0  jewel-tipped  Rapidograph  pen 
and  quick  drying  black  transparency  film  ink.  Delineations  and  labels 
were  drawn  on  overlays  of  all  of  the  photographs  by  two  photointer¬ 
preters  operating  independently  so  that  the  accuracy  of  «ach  could  be 
estimated.  Each  photointerpreter’s  delineations  and  labels  were  then 
checked  and  in  some  cases  modified  slightly,  again  independently,  by 
two  other  photointerpreters.  Each  of  the  photointerpreters  had  in  excess 
of  2,500  hours  of  experience  in  applying  this  classification  system 
along  the  Texas  Gulf  Coast. 

Existing  types  of  wetlands  were  measured  and  summarized  to  detect 
past  conditions  and  trends.  Areas  of  each  polygon  (contiguous  zone  of 
each  wetland  type)  were  measured  using  a  planimeter.  The  planimeter 
used  was  the  Electronic  Digitizer,  Numonics  1224,  with  resolution  to 
0.25mm.  The  number,  total  area,  and  average  sized  polygon  of  each 
wetland  type  were  calculated. 

Interpretation  of  Aerial  Photographs 

To  gain  the  most  information  from  aerial  photographs,  it  is  useful 
to  consciously  identify  visible  characteristics  and  to  determine  how  they 
can  be  used  to  distinguish  objects  of  interest.  Lillesand  and  Kiefer 
(1979)  cite  seven  “basic  characteristics”  that  are  useful  in  most  aerial 
photographic  analyses:  shape,  size,  pattern,  shadow,  tone,  texture  and 
site.  Four  of  these  characteristics  are  particularly  useful  in  the  analysis 
of  wetlands  of  the  type  we  encountered.  Size  is  important  overall  but  is 
of  little  aid  in  distinguishing  wetland  types.  Pattern  likewise  does  not 
vary  much  among  wetland  types  and  shadows  are  unimportant  due  to 
the  flat  topography  of  the  area.  Shape,  tone,  texture  and  site  all  vary 
among  the  wetland  types  described  in  Cowardin’s  classification  system, 
and  are  important  in  their  differentiation. 

Texture,  combined  with  elevation  which  is  visible  stereoscopically,  is 
useful  in  distinguishing  wetlands  from  uplands.  Open  water  surfaces 
typically  have  a  smooth  texture  while  uplands  and  wetlands  with 
emergent  vegetation  have  textures  that  are  characteristic  of  the  vegeta¬ 
tion  present.  Contiguous  zones  of  similar  vegetation  are  discernible  on 
medium  and  large-scale  aerial  photography  by  observing  texture.  Vege¬ 
tation  species-types  can  be  verified  through  field  surveys  and  used  to 
delineate  different  types  of  wetlands  with  which  they  are  closely  asso¬ 
ciated. 
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Shape  is  useful  for  interpreting  wetland  dynamics.  For  instance, 
tidally  flushed  wetlands  exhibit  a  dendritic  pattern  while  stagnant 
pools  have  circular  boundaries.  Subtle  variations  in  vegetation  types, 
substrate  types  and  water  depth  are  indicated  by  tonal  variation.  Tone 
includes  color,  which  is  extremely  useful  in  distinguishing  vegetation 
types,  particularly  wetland  vegetation  from  upland  vegetation.  Tone  is 
also  useful  in  detecting  pollution  and  erosion. 

The  site  or  location  of  the  wetlands  becomes  important  both  in  rela¬ 
tion  to  the  surrounding  area  and  among  the  wetland  polygons  them¬ 
selves.  Wetlands  directly  connected  to  the  Gulf,  for  example,  are 
obviously  somewhat  saline  and  tidally  influenced.  The  juxtaposition  of 
polygons  lends  a  great  deal  of  information  about  their  nature.  Cer¬ 
tainly  a  freshwater  pond  cannot  border  an  open  estuary  and  uplands 
cannot  be  lower  in  elevation  than  adjacent  wetlands. 

With  experience,  photointerpreters  are  capable  of  gleaning  an  enor¬ 
mous  amount  of  information  from  the  subtle  clues  present  in  aerial 
photography.  The  next  step  is  to  categorize  the  objects  of  scrutiny 
based  on  this  information. 

Classification  System 

The  classification  system  used  in  this  study  was  developed  by  Cowar- 
din  et  al.  (1979)  specifically  for  wetlands.  Stewart  et  al.  (1980)  reported 
this  system  to  be  superior  to  other  classifications  in  flexibility  and  ease 
of  application.  Other  commonly  used  classification  systems  include  the 
complete  land-use  system  of  Anderson  et  al.  (1976)  and  the  wetland 
mapping  system  of  Martin  et  al.  (1953).  The  Cowardin  system,  which  is 
primarily  a  field  verification  system,  was  adopted  by  the  U.S.  Fish  and 
Wildlife  Service  for  the  National  Wetlands  Inventory  which  relies 
primarily  on  aerial  photointerpretation.  They  have  developed  a  set  of 
mapping  conventions  to  be  used  in  classifying  wetlands  from  aerial 
photography  (U.S.  Department  of  the  Interior  1980). 

This  system  specifies  five  major  categories  or  “systems”  of  wetlands: 
marine,  estuarine,  lacustrine,  palustrine  and  riverine.  Each  of  these  is 
subdivided  into  subsystems,  classes  and  subclasses.  Only  two  wetland 
systems  were  of  concern  on  the  study  site  (Hendricks  et  al.  1981),  estua¬ 
rine  and  palustrine  (Table  1).  These  systems  are  distinguished  partially 
on  the  basis  of  salinity,  estuarine  wetlands  having  a  relatively  high 
salinity  due  to  a  concentration  of  ocean  derived  salts.  Only  the  estua¬ 
rine  system  has  subsystems.  These  distinguish  estuarine  wetlands  that 
have  substrates  which  are  continually  flooded  from  those  that  are  peri¬ 
odically  exposed  and  inundated  by  tides.  Classes  and  subclasses  describe 
vegetation  and  substrate  characteristics.  Modifiers,  an  additional  cate¬ 
gory  developed  by  the  National  Wetlands  Inventory,  describe  wetland 
dynamics  in  terms  of  periodicity  of  tidal  inundation,  degree  of  perman- 
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TABLE  1.  Summary  of  hierarchical  classification  terms  used  in  this  analysis,  summarized 
from  Cowardin  et  al.  (1981)  and  the  National  Wetlands  Inventory  Mapping  Conven¬ 
tions. 


Classification  level  abbreviation 

Water 

Special 

System 

Subsystem 

Class 

Subclass  Regime 

Modifier  Brief  Description 

U 

Upland;  non-wetland 

P 

Palustrine;  freshwater 

E 

1 

Estuarine;  salts  >  .05  ppt 

Subtidal;  continuously  submerged 

2 

EM 

Intertidal 

Emergent  vegetation 

FL 

Mostly  unvegetated  tidal  flat 

OW 

1 

Open  water 

Persistent  vegetation 

C 

Seasonally  flooded 

F 

Semipermanent  freshwater 

L 

Subtidal 

N 

Tidally  flooded  8c  exposed  daily 

P 

Irregularly  tidally  flooded 

Y 

Saturated,  semipermanent 

freshwater 

h 

Diked/Impounded 

ence,  etc.  Classification  on  the  level  of  certain  modifiers  may  require 
accompanying  field  verification. 

Accuracy  Estimation 

Field  verification  of  photointerpretation  plays  an  important  role  in 
determining  the  accuracy  of  interpretation.  It  is  obvious,  however,  that 
the  photography  in  this  study  was  nearly  30  years  old,  making  field 
verification  impossible.  This  particular  site  was  even  more  unusual 
because  access  to  the  site  for  field  verification  was  not  permitted  by  the 
owners  (Hendricks  et  al.  1981).  To  obtain  an  estimate  of  accuracy  of  the 
photointerpretation  in  this  study  in  the  absence  of  field  verification,  the 
photographs  were  independently  interpreted  by  individuals  equally 
skilled  in  the  use  of  the  classification  system.  These  will  subsequently 
be  referred  to  as  interpretations  A  and  B.  Trends  that  occurred  in  the 
two  analyses  would  have  a  greater  likelihood  of  being  real  rather  than 
artifacts  of  error  in  interpretation.  A  comparison  of  the  results  of  these 
independent  interpretations  gives  an  estimate  of  the  accuracy  of  pho¬ 
tointerpretation  under  these  conditions  and  an  indication  of  the  impor¬ 
tance  of  field  verification. 

RESULTS  AND  DISCUSSION 

Existing  wetlands,  identified  according  to  the  classification  system  of 
Cowardin,  comprise  the  “raw  data”  provided  by  this  analysis.  These 
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data  may  be  interpreted  and  summarized  for  a  variety  of  uses.  How  this 
is  done  depends  upon  the  intended  purpose  of  the  analysis.  The  two 
most  common  applications  of  aerial  photographic  interpretation  of 
wetlands  are  environmental  assessment  and  mapping. 

Mapping  applications  include  general  wetland  mapping  for  broad 
scale  inventories,  specific  sites,  and  habitats.  Much  information  exists 
in  aerial  photographs  and  can  be  utilized  for  any  particular  mapping 
application.  For  instance,  habitat  maps  can  be  produced  by  applying 
knowledge  of  habitat  requirements  of  an  organism  and  delineating 
potential  ranges  by  discriminating  between  suitable  and  nonsuitable 
wetland  types.  The  value  and  fragility  of  wetlands  has  made  inventory¬ 
ing  them  a  high  priority.  Existing  inventories  are  a  valuable  source  of 
aerial  photographs. 

The  analysis  of  historical  trends  of  wetlands  is  the  primary  method 
of  assessing  the  impact  of  human  activities  on  the  environment.  The 
difficulty  in  applying  a  trend  analysis  is  that  knowledge  of  conditions 
on  the  site  prior  to  the  “activity”  is  required  to  assess  the  impact  of 
that  activity.  Unfortunately,  original  conditions  of  a  site  are  not  always 
known  and  studies  which  provide  their  own  pre-activity  information 
require  much  foresight  and  capital.  Aerial  photography  is  one  medium 
of  historical  information  which  often  does  exist,  particularly  for 
wetlands  on  which  there  have  been  several  prior  inventories.  Aerial 
photography  holds  a  plethora  of  information  and  is  useful  for  histori¬ 
cal  trend  analysis  of  wetlands  regardless  of  its  originally  intended  use. 
The  following  is  an  example  of  a  temporal  analysis  of  wetlands  using 
available  aerial  photography. 

Case  Analysis  (A ) 

Five  photographs  of  a  study  area — from  1956,  1961,  1969,  1976  and 
1 979 — were  photointerpreted  to  give  a  historical  perspective  to  the 
wetland  analysis.  Copies  of  the  photographs  that  were  used  for  the 
photointerpretation,  including  delineations  of  the  project  area  and 
wetland  boundaries,  are  given  in  Figures  1-5.  These  comprise  the  raw 
data  produced  by  this  analysis. 

The  total  and  temporal  changes  in  each  wetland  type,  and  human 
activity  and  its  effects,  were  made  evident  by  analyzing  the  delineated 
photographs.  The  total  amount  of  each  wetland  type  is  given  in  Table 
2.  The  time  span  covered  by  the  aerial  photography  (1956-1979)  showed 
two  major  periods  of  human  activity  separated  by  relative  inactivity. 
The  building  of  the  Aransas  Pass  branch  of  the  Gulf  Intercoastal 
Waterway  between  1956  and  1961  was  the  first  activity.  Its  main  impact 
on  the  project  site  involved  the  deposition  of  dredged  material  along 
the  shore  of  Redfish  Bay  just  outside  the  southeastern  boundary  of  the 
study  area.  The  spoil  deposit  had  two  obvious  effects  on  the  study  area: 


Figure  1.  Year  1956  aerial  photograph  (1:8,000)  of  study  site  with  overlay  showing  delineated  habitats  (photointerpretation  A).  UPLANDS=1, 
PE  M  1=2,  PEM1C-3,  PEM!F=4,  PEM1Y=5,  PEM/FL=6,  POWFH=7,  E!OWL=8,  E2EM1N=9,  E2EM1P=10,  E2EM1/FLN=1 1, 
E2EM1/FLP=12,  E2FLN=13,  E2FLP=14,  E20WP=15. 
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Figure  1.  Year  1956  aerial  photograph  (1:8,000)  of  study  site  with  overlay  showing  delineated  habitats  (photointerpretation  A).  UPLANDS-!, 
PEM1=2,  PEM1C—3,  PEM1F— 4,  PEM1Y=5,  PEM/FL=6,  POWFH=7,  ElOWL^B,  E2EM1N=9,  E2EM1P— 10,  E2EM1/FLN=11, 
E2EM1/FLP— 12,  E2FLN=13,  E2FLP-14,  E20WP=15. 


Figure  2.  Year  1961  aerial  photograph  (1:8,000)  of  study  site  with  overlay  showing  delineated  habitats  (photointerpretatioe  A).  See  Figure  1  for 
wetland  codes. 
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Figure  2.  Year  1961  aerial  photograph  (1:8,000)  of  study  site  with  overlay  showing  delineated  habitats  (photointerpretation  A).  See  Figure  1  for 
wetland  codes. 


Figure  3.  Year  1969  aerial  photograph  (1:8,000)  of  study  site  with  overlay  showing  delineated  habitats  (photointerpretation  A).  See  Figure  1  for 
wetland  codes. 


tuj 


£321 


Figure  3.  Year  1969  aerial  photograph  (1:8,000)  of  study  site  with  overlay  showing  delineated  habitats  (photointerpretation  A).  See  Figure  1  for 
wetland  codes. 


Figure  4.  Year  1976  aerial  photograph  (1:8,000)  of  study  site  with  overlay  showing  delineated  habitats  (photointerpretation  A).  See  Figure  1  for 
wetland  codes. 
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Figure  4.  Year  1976  aerial  photograph  (1:8,000)  of  study  site  with  overlay  showing  delineated  habitats  (photointerpretation  A).  See  Figure  1  for 
wetland  codes. 


Figure  5.  Year  1979  aerial  photograph  (1:8,000)  of  study  site  with  overlays  showing  delineated  habitats  for  1956  (overlay  1),  1961  (overlay  2), 
1969  (overlay  3)  and  1979  (overlay  4)  (photointerpretation  A).  See  Figure  1  for  wetland  codes. 


o 


14+- 


Figure  5.  Year  1979  aerial  photograph  (1:8,000)  of  study  site  with  overlays  showing  delineated  habitats  for  1956  (overlay  1),  1961  (overlay  2), 
1969  (overlay  3)  and  1979  (overlay  4)  (photointerpretation  A).  See  Figure  1  for  wetland  codes. 
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first,  the  main  tidal  access  through  the  southern  border  of  the  site  was 
cut  off,  reducing  tidal  flushing  rates;  and  second,  the  area  was  subjected 
to  greatly  increased  sediment  loading  from  the  spoil  material  (compare 
Figures  1  and  2). 

A  later  activity  period  occurred  between  1976  and  1979  when  two 
industrial  sites  were  developed  along  the  southeastern  and  southwestern 
borders  of  the  site  (Figure  5).  It  is  difficult  to  say  what  long  term  effects 
these  developments  might  have  but  their  existence  and  associated  roads 
have  caused  further  restriction  of  tidal  flow.  The  placement  of  culverts 
under  the  roads  has  not  been  sufficient  to  allow  the  degree  of  tidal 
flushing  necessary  for  wetland  maintenance. 

Wetland  changes  on  the  study  area  show  several  significant  trends. 
The  most  consistent  is  as  general  shift  from  wetlands  to  uplands  which 
occupied  over  20%  more  of  the  total  area  in  1979  (Figure  5,  overlay  4) 
than  in  1956  (Figure  5,  overlay  1).  Total  palustrine  area  was  small  in 
all  years  and  showed  no  trends.  Total  estuarine  wetland  area  decreased 
by  21%  from  1956  to  1979,  dropping  most  rapidly  between  1961  and 
1976. 

A  number  of  changes  took  place  among  estuarine  wetlands  (Table  2). 
The  estuarine  wetlands  were  exclusively  intertidal,  meaning  that  sub¬ 
strates  were  not  permanently  inundated.  In  1956  the  estuarine  intertidal 
wetlands  were  64%  flats  (code  FL,  having  less  than  30%  of  the  substrate 
covered  by  vegetation)  with  the  remaining  having  more  than  30%  cover 
(code  EM).  No  wetlands  were  classified  in  the  composite  category 
EM/FL,  which  was  used  in  some  years  to  describe  wetlands  with 
approximately  30  percent  vegetation,  and  were  not  clearly  definable 
into  either  of  the  other  categories.  Estuarine  flats  rapidly  decreased  in 
area  from  1956-1969  and  remained  stable  thereafter,  comprising  about 
1/3  of  their  original  area.  Conversely,  estuarine  wetlands  with  emergent 
vegetation  increased  during  the  period  from  1956-1969,  showing  the 
greatest  increase  from  1961-1969.  Emergent  wetlands  decreased  from 
1969-1979. 

The  single  visible  trend  in  regularly  versus  irregularly  flooded  estuar¬ 
ine  wetlands  was  a  decrease  of  those  irregularly  flooded,  with  no  cor¬ 
responding  change  in  regularly  flooded  wetlands. 

There  was  an  obvious  trend  in  the  total  number  of  polygons  over 
time.  The  total  number  of  polygons  increased,  suggesting  that  frag¬ 
mentation  of  larger  polygons  has  occurred  (Table  3).  It  appears  that 
much  of  this  fragmentation  has  been  of  persistent  wetland  flats  (code 
E2FLN)  which  were  invaded  by  emergent  vegetation. 

Accuracy  Estimation 

The  above  is  only  a  sample  of  the  kinds  of  information  that  can  be 
obtained  from  an  aerial  photographic  analysis  of  wetlands.  Further 


TABLE  2.  Summary  of  areas  represented  by  photointerpreters  delineation.  The  classification  hierarchy  is  from  Table  1  (Syst=System;  Subsy 
=Subsystem;  Class=Class;  Subcl=Subclass;  Wat  R=Water  Regime;  Sp  Mod=Special  Modifier).  Each  of  the  5  years  of  photography  is  shown 
by  photographic  set  (A  or  B),  with  %C  being  the  difference  between  each  hierarchical  pair  divided  by  mean  total  X  100. 
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•The  “/"  is  used  to  combine  classes  that  seem  blended,  such  as  a  partially  vegetated  flat  (EM/FL). 
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TABLE  3.  Variation  in  number  of  delineated  polygons  of  each  major  habitat  by  year. 


Year 

(PI) 

Total  # 
polygons 

Upland 

polygons 

Estuarine 

polygons 

Palustrine 

polygons 

1956 

A 

80 

7 

71 

2 

B 

67 

12 

53 

2 

1961 

A 

100 

10 

85 

5 

B 

81 

8 

68 

5 

1969 

A 

100 

17 

77 

6 

B 

72 

16 

50 

6 

1976 

A 

138 

37 

95 

6 

B 

73 

26 

41 

6 

1979 

A 

140 

41 

94 

5 

B 

63 

23 

40 

0 

information  can  be  obtained  by  overlaying  the  wetland  delineations  for 
comparison  to  see  how  each  polygon  has  evolved.  But  how  far  can  one 
go  with  this  analysis?  How  reliable  are  the  photointerpretations  and 
how  valid  are  the  conclusions?  To  estimate  the  accuracy  of  this  proce¬ 
dure  we  had  the  same  photographs  independently  photointerpreted  for 
comparison  with  the  results  of  the  first  interpretation.  To  facilitate  the 
following  discussion  we  will  refer  to  the  original  photointerpretation 
as  interpretation  A,  and  the  second  (test)  photointerpretation  as  inter¬ 
pretation  B.  All  photointerpreters  gained  their  experience  working  on  a 
major  wetland  inventory  of  the  Texas  coast  and  thus  have  similar 
backgrounds. 

Case  Analysis  (B) 

The  results  of  photointerpretation  B  were  similar  to  those  of  A  (Fig¬ 
ure  6).  The  degree  of  agreement  between  the  two  interpretations  is  a 
measure  of  the  accuracy  of  a  single  one.  Results  of  interpretations  A 
and  B  are  compared  in  Table  2.  The  percentages  of  the  total  area 
which  were  identically  photointerpreted  to  the  system  level  of  classifica¬ 
tion  were  88,  96,  92,  83,  and  84  in  the  years  1956,  1961,  1969,  1976  and 
1979,  respectively.  Differences  in  the  two  interpretations  were  deter¬ 
mined  by  overlaying  the  two  delineations  and  measuring  the  areas  of 
discrepancy. 

The  differences  in  photointerpretations  A  and  B  were  not  purely 
random.  Photointerpreter  B  consistently  delineated  more  area  as  upland 
while  A  interpreted  more  of  the  disputed  area  as  estuarine  (Figure  6). 
This  systematic  difference  amounted  to  about  4  percent  of  the  total  area 
or  2.3  ha  on  the  average. 

Correspondence  of  Cases 

The  majority  of  the  trends  observed  from  case  analysis  A  were  sup¬ 
ported  by  case  analysis  B.  Figure  6  shows  the  qualitatively  similar 
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YEAR 

Figure  6.  Change  in  percentage  of  total  area  of  the  study  site  comprised  by  major  habitat 
types  from  1956-1979  as  determined  by  aerial  photographic  analysis.  Solid  line=pho 
tointerpretation  A,  dashed  line=photointerpretation  B,  triangle=estuarine  wetlands, 
open  circle^uplands,  square=estuarine  flats,  and  solid  circle=estuarine  wetlands  with 
emergent  vegetation. 

changes  in  estuarine  wetlands  and  uplands.  Estuarine  flats  in  case 
analysis  B  did  not  level  off  from  the  rapid  decline  after  1969,  as  did  the 
flats  in  case  study  A,  but  began  to  rise.  The  only  major  deviations  from 
this  trend  observed  in  case  study  A  occurred  in  1976  and  1979.  In  those 
years  photointerpreter  B  included  20  and  15  ha  of  estuarine  wetlands  in 
the  composite  category  EM/FL  indicating  an  inability  to  assign  them 
separately  to  either  single  category,  flats  or  emergent  vegetation  (Table 
2). 

The  trend  of  increasing  polygon  numbers  observed  in  case  analysis  A 
was  not  supported  in  B  (Table  3).  The  reason  for  this  is  a  lack  of  con¬ 
sistency  in  the  level  of  generalization  used  when  identifying  wetlands 
by  one  or  both  of  the  interpreters.  Even  though  the  number  of  poly¬ 
gons  did  not  increase  through  time  in  case  B,  large  areas  appear  to 
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have  been  fragmented  as  was  observed  in  case  A.  The  fragmentation 
was  again  due  to  emergent  vegetation  invading  estuarine  flats  (code 
E2FLN). 

Some  differences  existed  in  the  quantitative  amounts  of  wetlands 
determined  in  each  case  analysis.  There  was  a  20%  increase  in  upland 
area  from  1956-1979  in  both  analyses,  but  B  interpreted  the  area  as  hav¬ 
ing  from  2-7%  more  upland  than  A  through  time.  B  also  identified 
more  area  as  estuarine  emergent  than  did  A.  Correspondingly,  interpre¬ 
ter  A  delineated  more  areas  as  estuarine  flats.  The  average  difference 
between  the  results  of  each  case  analysis  over  all  wetland  types  and 
years  was  only  3.4%. 

Sources  of  Discrepancy 

Sources  of  discrepancy  between  the  two  photointerpretations  can  be 
categorized  into  two  types:  that  attributable  to  interpreter  judgment, 
and  that  attributable  to  error.  Error  enters  into  all  phases  of  the 
analysis— the  photograph,  photointerpretation  and  area  measurement. 
Photographs  of  poor  quality  can  be  greatly  misleading  to  an  interpre¬ 
ter.  Given  a  photograph  of  reasonable  quality,  the  photointerpreter  can 
err  by  misinterpreting  habitats  by  perhaps  missing  a  cryptic  feature. 
The  quantity  of  misinterpretations  is  a  function  of  the  experience  of 
the  photointerpreter.  Other  errors  can  enter  into  the  photointerpreta¬ 
tion  phase  after  an  area  has  been  properly  identified,  by  either  acciden¬ 
tally  mislabelling  the  area  or  failing  to  accurately  delineate  the  area. 
All  photointerpretive  errors  can  be  minimized  by  rigorous  quality  con¬ 
trol. 

Error  is  also  present  in  the  area-measurement  phase  of  the  analysis. 
At  a  minimum,  photointerpretive  accuracy  is  limited  by  the  precision 
of  the  planimeter  used.  However,  human  error,  as  a  function  of  error  in 
delineation,  mislabelling  and  missing  or  replicating  polygons,  nor¬ 
mally  greatly  exceeds  this. 

The  second  source  of  discrepancy  involves  differences  in  interpreter 
judgment.  The  application  of  a  discrete  classification  to  continuously 
varying  wetland  types  necessarily  leads  to  questions  in  interpretation.  It 
is  possible  that  one  interpreter  might  be  systematically  biased  toward 
one  or  a  few  classification  types  relative  to  another  interpreter.  This 
occurred  in  this  study  when  interpreter  B  consistently  identified  more 
area  as  upland  than  did  A. 

The  level  of  generalization  used  in  delineating  wetlands  will  also 
lead  to  variation  in  interpretation.  An  interpreter  who  is  very  meticu¬ 
lous  in  identifying  and  delineating  even  the  smallest  areas  will  produce 
more  accurate  but  different  results  from  one  who  is  more  general  in 
approach.  This  will  rarely  be  a  problem  in  an  aerial  analysis  if  the 
degree  of  specificity  is  agreed  upon  in  advance  and  conclusions  are 
made  accordingly. 
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It  is  difficult  to  statistically  quantify  the  accuracy  of  an  aerial  photo¬ 
graphic  analysis  although  there  are  methods  of  doing  so  using  results 
from  field  verification  surveys  (Ginevan  1979;  Frazier  and  Shovic  1980). 
Our  attempt,  in  the  absence  of  such  surveys,  involved  estimating  the 
accuracy  of  the  results  by  comparing  them  with  an  independent  pho¬ 
tointerpretation.  In  the  worst  case  (1976),  83%  of  the  total  area  of  the 
study  site  was  photointerpreted  identically  as  far  as  the  system  class¬ 
ification.  This  ranged  to  96%  for  the  1969  photography.  Comprising 
these  discrepancies  are  differences  in  photointerpretive  opinion  and 
error.  In  spite  of  differences  in  the  actual  quantity  of  wetland  types 
among  the  two  interpretations  (3.4%  of  the  average),  observed  trends 
from  analysis  A  were  supported  by  analysis  B. 

The  method  we  have  presented,  of  aerial  photographic  analysis  of 
sequential  photography,  provides  an  economical  and  accurate  means  of 
wetland  assessment  even  in  the  absence  of  field  verification.  This 
method  is  underutilized  in  small-scale  ecological  wetland  analyses  due 
to  the  cost  of  producing  aerial  photography  for  the  site.  There  is,  how¬ 
ever,  existing  photography  for  many  wetland  areas  through  previous 
inventories.  Results  accurate  enough  to  detect  trends  can  easily  be 
obtained  from  a  single  photointerpretation.  The  use  of  aerial  photo¬ 
graphic  analysis  should  not  be  overlooked  as  an  additional  or  the  sole 
method  of  wetland  assessment. 
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INDUCTIVE  APPROACH  TO  EINSTEIN  S 
GRAVITATIONAL  FIELD  EQUATION 
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Denton,  TX  76203 

ABSTRACT 

Einstein’s  gravitational  field  equation  is  obtained  here  by  an  inductive  approach  which 
is  a  natural  consequence  of  generalizing  special  relativity  and  making  Newtonian  gravita¬ 
tion  compatible  with  the  requirements  of  relativity.  It  is  shown  that  when  an  observer  in 
a  system  which  is  accelerated  with  respect  to  an  inertial  system  uses  the  time  in  that  iner¬ 
tial  system,  he  observes  a  decrease  in  the  coordinate  velocity  of  light  in  the  direction  of 
acceleration.  By  the  principle  of  equivalence,  a  light  signal  in  a  gravitational  potential 
moves  with  a  coordinate  velocity  which  is  less  than  the  local  velocity.  The  gravitational 
red  shift  is  derived  by  generalizing  the  element  of  spacetime  separation  in  special  relativ¬ 
ity  by  replacing  the  velocity  of  light  in  vacuum  by  the  coordinate  velocity  of  light  which 
depends  on  the  gravitational  potential.  A  component  of  the  Ricci  tensor  is  related  to  the 
Laplacian  of  the  Newtonian  gravitational  potential,  which  in  turn  is  related  to  the  mass 
density  by  Poisson’s  equation.  The  mass  density  is  related  to  a  component  of  the  energy- 
momentum  stress  tensor  and  its  trace.  By  imposing  the  principle  of  general  covariance  to 
the  single  component,  Einstein’s  equation  for  the  gravitational  field  is  obtained,  except 
for  a  constant.  This  constant  is  determined  by  using  energy  and  momentum  conservation 
and  the  Bianchi  identity. 

INTRODUCTION 

Albert  Einstein  was  born  a  century  ago  and  left  a  legacy  of  scientific 
achievement  that  is  perhaps  unsurpassed  in  the  history  of  science  (Whi- 
trow  1973).  His  crowning  achievement  is  his  general  theory  of  relativ¬ 
ity,  in  which  he  developed  a  geometrical  theory  of  gravitation  compati¬ 
ble  with  the  requirements  of  the  special  theory  of  relativity  (Tauber 
1979).  Soon  after  Einstein  (1905)  published  the  special  theory  of  relativ¬ 
ity,1  he  began  thinking  about  a  generalization  of  it  to  accelerated  coor¬ 
dinate  systems.  Einstein  (1907)2  postulated  the  principle  of  equivalence, 
which  states  that  a  uniform  gravitational  field  is  equivalent  to  a  uni¬ 
formly  accelerated  coordinate  system.  He  drew  the  conclusion  from  this 
principle  that  the  gravitational  field  had  an  effect  on  clocks  which 
would  result  in  spectral  lines  emitted  from  atoms  on  the  sun  being 

^he  English  translation  of  several  key  papers  on  relativity  appears  in  Lorentz  et  al. 
(1952). 

2For  an  English  translation  of  Part  V  of  this  paper  (Einstein  1907)  which  deals  with  the 
principle  of  equivalence  and  gravity  see  Schwartz  (1977). 
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shifted  toward  the  red  when  observed  on  earth.  By  examining  the 
behavior  of  Maxwell’s  equations  under  transformation  to  an  accelerated 
coordinate  system  and  using  the  principle  of  equivalence,  Einstein 
showed  that  the  effective  velocity  of  light  is  reduced  in  a  gravitational 
field.  These  ideas  were  developed  further  by  Einstein  (191 1)3  in  Prague. 
He  discussed  the  bending  of  light  in  the  gravitational  field  of  the  sun, 
as  well  as  the  shift  of  spectral  lines  and  the  reduced  speed  of  light  in  a 
gravitational  field. 

While  Einstein  was  in  Prague  he  explained  to  the  mathematician 
Georg  Pick  that  he  thought  physics  should  be  formulated  in  such  a 
way  that  it  would  be  valid  in  arbitrary  coordinate  systems.  Pick  told 
him  that  he  should  use  the  mathematics  of  the  “absolute  differential 
calculus,’’  now  more  commonly  called  tensor  analysis  (Frank  1953).  On 
Einstein’s  return  to  Zurich,  his  old  classmate  and  friend  Marcel  Gross- 
mann,  a  mathematician  whose  specialty  was  non-Euclidean  geometry, 
introduced  him  to  tensor  analysis  (Clark  1971).  A  new  phase  in  the 
development  of  the  general  theory  thus  began.  Einstein  and  Grossmann 
(1913)  published  a  paper  on  their  work  together  in  Zurich.  After  Ein¬ 
stein  went  to  Berlin,  he  continued  working  along  the  lines  that  he  and 
Grossmann  had  begun.  This  work  culminated  in  Einstein’s  famous 
equations  for  the  gravitational  field  (Einstein  1915,  1916). 

Einstein  (1954)  characterized  his  accomplishment  in  the  following 
words: 

In  the  light  of  knowledge  attained,  the  happy  achievement  seems 
almost  a  matter  of  course,  and  any  intelligent  student  can  grasp  it 
without  too  much  trouble.  But  the  years  of  anxious  searching  in  the 
dark,  with  their  intense  longing,  their  alternations  of  confidence  and 
exhaustion  and  the  final  emergence  into  the  light — only  those  who 
have  experienced  it  can  understand  that. 

Although  from  Einstein’s  perspective  the  general  theory  of  relativity 
“seems  almost  a  matter  of  course,’’  many  intelligent  students  still  find 
the  general  theory  difficult.  One  reason  is  that  a  deductive  approach  to 
the  field  equations  is  often  used  (Einstein  1956).  The  field  equations 
are  presented  as  embodying  some  general  principles,  and  then  shown  to 
reduce  in  the  appropriate  limit  to  Poisson’s  equation  for  the  Newton¬ 
ian  gravitational  potential  (Tolman  1934;  Miller  1952;  Pauli  1958; 
Fock  1959;  Chandrasekhar  1972;  Krefetz  1972;  Bergmann  1976).  While 
this  approach  is  satisfactory  for  the  physically  and  mathematically 
sophisticated,  it  makes  the  subject  difficult  for  most  undergraduates.  In 
this  paper  the  process  of  generalizing  special  relativity  and  Newtonian 

3An  English  translation  of  this  paper  (Einstein  1911)  appears  in  Lorentz  et  al.  (1952,  p. 

97-108). 
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gravitation  is  done  in  a  way  which  parallels  the  approach  followed  by 
Einstein  (Mehra  1973,  1974).  When  seen  in  the  context  of  its  historical 
development,  the  field  equation  does  in  fact  seem  “almost  a  matter  of 
course/’  The  advantage  of  the  inductive  approach  is  that  a  process  of 
successive  generalization  of  special  relativity  and  Newtonian  gravity 
leads  to  the  gravitational  field  equation. 

An  inductive  approach  to  Einstein’s  gravitational  field  equation  has 
been  used  before.  Frankel  (1979)  uses  a  plan  similar  to  the  one  used 
here,  but  he  finds  a  different  relationship  between  the  Newtonian  gravi¬ 
tational  potential  and  the  time-time  component  goo  of  the  metric  ten¬ 
sor.  He  obtains  Einstein’s  field  equation  by  generalizing  from  a  for¬ 
mula  for  the  Laplacian  of\/ goo  given  by  Levi-Civita  (1977).  Wheeler 
(1962,  1964)  has  given  a  quasi-Newtonian  argument  for  a  preliminary 
form  of  Einstein’s  field  equation.  This  equation,  put  forth  by  Einstein 
(1915a)  a  week  before  his  final  equations,  does  not  give  energy  and 
momentum  conservation  (Wheeler  1964,  pp.  77-78,  89).  Wheeler  (1964) 
proceeds  to  derive  the  correct  field  equation  from  additional  considera¬ 
tions,  but  says  that  there  is  a  need  for  a  “quasi-Newtonian”  argument 
for  the  correct  field  equations.  This  present  paper  is  a  contribution  to 
this  goal. 

The  inductive  approach  used  here  involves  some  new  features.  A 
light  pulse  is  viewed  from  a  coordinate  system  accelerating  in  the  same 
direction,  and  is  shown  to  have  a  coordinate  velocity  which  is  less  than 
the  velocity  of  light  in  an  inertial  system.  At  this  point  the  reader  may 
ask,  “Isn’t  the  speed  of  light  the  same  for  all  observers?”  In  the  special 
theory  of  relativity,  the  velocity  of  light  is  the  same  in  all  inertial  sys¬ 
tems.  But  an  accelerated  coordinate  system  is  not  an  inertial  system. 
Still,  when  the  time  in  the  accelerated  system  is  taken  to  be  the  same  as 
in  a  comoving  inertial  system,  the  light  velocity  is  a  constant  and  the 
time  is  slowed  down  relative  to  the  original  inertial  system.  This  time 
and  velocity  are  called  “local.”  On  the  other  hand,  when  the  time  in 
the  accelerated  system  is  taken  to  be  the  time  in  the  original  inertial 
system,  the  velocity  of  light  is  reduced.  This  time  and  velocity  are 
called  the  “coordinate  time”  and  “coordinate  velocity,”  respectively 
(Sears  and  Brehme  1968). 

When  the  principle  of  equivalence  is  used,  the  coordinate  velocity  of 
light  becomes  the  velocity  in  a  gravitational  field  which  depends  on  the 
gravitational  potential.  Einstein  also  adopted  this  point  of  view  since 
in  referring  to  the  bending  of  light  by  a  gravitational  field  Einstein 
(1961)  wrote: 

.  .  .  according  to  the  general  theory  of  relativity  the  constancy  of  the 

velocity  of  light  in  vacuo,  which  constitutes  one  of  the  two  funda¬ 
mental  assumptions  in  the  special  theory  of  relativity  .  .  .,  cannot 
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claim  any  unlimited  validity.  A  curvature  of  rays  of  light  can  only 

take  place  when  the  velocity  of  propagation  of  light  varies  with  posi¬ 
tion  ( emphasis  added). 

Therefore  the  special  theory  of  relativity  according  to  Einstein  (1961) 
points  “the  way  to  the  introduction  of  a  more  comprehensive  theory,  in 
which  it  lives  on  as  a  limiting  case.” 

The  coordinate  velocity  of  light  derived  here  agrees  with  that  derived 
in  different  ways  by  Abraham  ( 1912c, d,e)  and  Tangherlini  (1968).  In  the 
weak-field  case  it  reduces  to  the  form  given  by  Einstein  (1911).  Treder 
(1970)  has  discussed  the  variation  of  the  light  velocity  in  different  the¬ 
ories.  For  a  static  spherical  mass  distribution,  the  radius  corresponding 
to  zero  coordinate  velocity  of  light  is  the  Schwarzschild  radius,  which  is 
the  radius  of  the  surface  of  infinite  red  shift  for  a  black  hole.  The  ele¬ 
ment  of  spacetime  separation  in  special  relativity  is  modified  by  using 
the  coordinate  velocity  of  light  instead  of  the  local  velocity  of  light. 
The  exact  gravitational  red  shift  is  obtained  by  comparing  the  period 
of  light  in  two  different  gravitational  fields. 

Another  feature  of  the  inductive  approach  used  here  is  that  Einstein’s 
field  equation  is  obtained  by  rewriting  Poisson’s  equation  as  the  time¬ 
time  component  of  a  tensor  equation,  and  using  the  principle  of  gen¬ 
eral  covariance  to  generalize  to  all  components.  In  the  static  case  the 
coordinate  speed  of  light,  which  depends  on  the  gravitational  potential, 
is  related  to  the  time-time  component  goo  of  the  metric  tensor.  In  the 
static  linear  case,  the  time-time  component  Ro°  of  the  Ricci  tensor  is 
proportional  to  the  Laplacian  of  goo,  which  in  turn  is  proportional  to 
the  Laplacian  of  the  Newtonian  gravitational  potential.  Thus  by  Pois¬ 
son’s  equation,  Ro°  is  proportional  to  the  mass  density.  On  the  other 
hand,  the  mass  density  is  related  to  the  time-time  component  To°  of  the 
stress  tensor  and  the  trace  T  of  the  stress  tensor  for  a  dilute  gas  at  zero 
pressure.  Thus,  Ro°  is  proportional  to  a  linear  combination  of  To°  and 
T.  By  using  Einstein’s  principle  of  general  covariance,  the  equation  for 
the  gravitational  field  is  obtained  except  for  a  constant.  This  constant 
is  determined  by  using  the  conservation  of  energy  and  momentum,  and 
the  second  Bianchi  identity. 

In  the  next  section  the  velocity  of  light  in  an  accelerated  coordinate 
system  is  discussed.  The  principle  of  equivalence  is  then  used  to  obtain 
the  coordinate  velocity  of  light  in  a  gravitational  field.  The  gravita¬ 
tional  red  shift  is  obtained  from  a  generalization  of  the  element  of 
spacetime  separation  using  the  coordinate  velocity  of  light.  Poisson’s 
equation  for  the  Newtonian  gravitational  potential  is  rewritten  in 
terms  of  a  component  of  the  Ricci  tensor  for  a  static  metric  tensor.  This 
equation  is  generalized  to  obtain  Einstein’s  gravitational  field  equation 
by  invoking  the  principle  of  general  covariance. 
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VELOCITY  OF  LIGHT  IN  AN  ACCELERATED  SYSTEM 

The  usual  approach  to  the  motion  of  an  observer  in  a  coordinate  sys¬ 
tem  accelerating  with  respect  to  an  inertial  system  is  to  use  the  local 
time,  which  is  measured  relative  to  a  comoving  inertial  system  (Sears 
and  Brehme  1968).  In  this  case  the  velocity  of  the  light  emitted  from 
the  original  inertial  system  is  always  a  constant,  but  the  time  is  slowed 
down  relative  to  the  original  inertial  system.  The  principle  of  equival¬ 
ence  is  used  to  find  the  effect  of  a  gravitational  field  on  clocks,  and 
from  this  effect  the  gravitational  red  shift  is  calculated  (Chandrasekhar 
1972). 

While  this  approach  is  correct,  it  involves  the  use  of  the  special  the¬ 
ory  of  relativity.  Another  point  of  view  is  also  possible,  in  which  the 
time  in  the  original  inertial  system  (“coordinate”  time)  is  used  in  the 
accelerated  system  to  calculate  the  coordinate  velocity  of  light.  The 
coordinate  velocity  of  light  depends  on  the  acceleration,  since  the  accel¬ 
erated  system  is  not  an  inertial  system.  For  small  velocities  the  acceler¬ 
ated  system  may  be  treated  by  classical  mechanics,  as  shown  in  Appen¬ 
dix  A.  This  approach  is  used  here,  since  it  does  not  involve  special 
relativity  and  can  thus  be  comprehended  by  a  larger  number  of  stu¬ 
dents.  Presumably  this  approach  has  not  been  used  before,  since  it 
appears  to  violate  the  dogma  that  the  “velocity  of  light  is  always  con¬ 
stant.”  By  freeing  ourselves  from  a  particular  choice  of  the  time  coor¬ 
dinate,  viz.,  local  time  measured  relative  to  a  comoving  inertial  system, 
we  are  in  the  spirit  of  the  general  theory  of  relativity  in  which  any 
coordinate  system  may  be  used.  However,  by  using  coordinate  time, 
measured  in  the  original  inertial  system  and  a  coordinate  velocity  of 
light,  we  shall  be  lead  in  a  natural  way  to  generalize  the  metric  of  a  flat 
spacetime  to  one  of  a  curved  spacetime. 

The  situation  we  shall  analyze  is  one  in  which  an  inertial  system  and 
an  accelerated  system  have  their  origins  coincident  at  time  zero,  as 
shown  in  the  space-time  diagram  in  Figure  1.  In  a  short  time  t,  the 
accelerated  system  has  reached  a  speed  gt,  and  has  moved  a  distance  f  = 
%gt2.  Since  we  shall  take  gt  «  c,  special  relativistic  effects  on  the  space 
and  time  coordinates  of  the  accelerated  system  may  be  neglected.  The 
trajectories  of  the  origin  0'  and  a  point  Ax  in  the  accelerated  system 
relative  to  the  inertial  system  are  parabolas  for  gt  «  c.  In  the  inertial 
system  the  velocity  of  light  is  a  constant  at  all  times.  If  a  short  light 
pulse  is  emitted  in  the  x  direction  at  the  origins  0  and  O'  at  time  zero, 
its  trajectory  is  a  straight  line  x  =  ct.  In  a  time  to  the  light  pulse 
reaches  the  point  Ax  in  the  accelerated  system,  which  is  then  a  distance 
Ax  +  f0  from  the  origin  of  the  inertial  system.  The  same  situation  can 
be  viewed  in  the  accelerated  system,  where  the  origin  O'  and  the  point 
Ax  are  at  rest,  as  shown  in  the  space-time  diagram  in  Figure  2.  The 
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Figure  1.  Space-time  diagram  for  an  accelerated  coordinate  system  as  viewed  from  an 
inertial  coordinate  system.  The  trajectory  of  a  light  pulse  is  a  straight  line,  while  the 
trajectories  of  the  points  0'  and  Ax  are  parabolic  for  gt«c.  The  curves  shown  are  for 
g  Ax/c2  =  0.375. 

trajectory  of  the  light  pulse  is  no  longer  the  straight  line  shown  in 
Figure  1  corresponding  to  a  constant  velocity  of  light.  In  a  time  t  the 
light  pulse  has  travelled  a  distance  ct  relative  to  the  origin  0  of  the 
inertial  system,  but  the  origin  O'  of  the  accelerated  system  has  travelled 
a  distance  ^gt2.  The  trajectory  of  the  light  pulse  in  the  accelerated  sys¬ 
tem  is  therefore  given  by 


x'  =  ct  —  ^gt2.  (1.1) 

This  expression  is  the  same  as  for  a  classical  light  corpuscle  moving 
with  velocity  c  in  the  inertial  system  when  viewed  in  the  accelerated 
system,  since  the  coordinate  time  of  the  inertial  system  is  used  in  the 
accelerated  system. 

After  a  time  t  the  speed  of  the  light  pulse  as  viewed  in  the  accelerated 
system  is  c'  =  dx'/dt,  which  gives 

C'  =  c-gt  (1.2) 

from  Eq.  (1.1).  It  may  seem  strange  that  the  velocity  of  light  is  not  a 
constant  because  of  the  postulate  of  the  constancy  of  the  speed  of  light 
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Figure  2.  Space-time  diagram  for  the  accelerated  coordinate  system  as  viewed  in  the 
accelerated  system  where  the  points  0'  and  Ax  are  at  rest.  The  trajectory  of  the  light 
pulse  is  parabolic  for  gt«c.  The  curve  shown  is  for  g  Ax/c2  =  0.375. 


in  the  special  theory  of  relativity.  However,  in  an  accelerated  system, 
which  is  not  an  inertial  system,  this  postulate  need  not  apply.  In  com¬ 
menting  on  this  situation,  Einstein  (1916)  wrote: 

It  will  also  be  obvious  that  the  principle  of  the  constancy  of  the 
velocity  of  light  in  vacuo  must  be  modified,  since  we  easily  recognize 
that  the  path  of  a  ray  of  light  with  respect  to  K'  [the  accelerated  sys¬ 
tem]  must  in  general  be  curvilinear,  if  with  respect  to  K  [the  inertial 
system]  light  is  propagated  in  a  straight  line  with  a  definite  constant 
velocity  (Lorentz  et  al.  1952,  p.  114). 

On  the  other  hand,  if  the  measurement  of  time  and  distance  are  referred 
to  a  comoving  inertial  system,  the  speed  of  light  is  still  a  constant  c,  as 
shown  in  Appendix  A. 

From  Figure  1  the  light  pulse  reaches  the  point  x'  =  Ax  in  the 
accelerated  system  in  a  time  to,  which  is  given  by 

Ax  =  cto  —  %gto2  (1.3) 

from  Eq.  (1.1).  If  the  quadratic  equation  in  Eq.  (1.3)  is  solved  for  to,  the 
result  is 
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to  -  Cg 


7~f  y 


(1.4) 


When  Eq.  (1.4)  is  substituted  into  Eq.  (1.2),  the  coordinate  velocity  of 
light  in  the  accelerated  frame  is 


(1.5) 


The  velocity  of  light  thus  appears  to  be  diminished  in  the  accelerated 
system.  In  the  next  section  Eq.  (1.5)  is  generalized  to  obtain  the  velocity 
of  light  in  a  gravitational  field  by  using  Einstein’s  principle  of  equi¬ 
valence. 


PRINCIPLE  OF  EQUIVALENCE 


The  apparent  reduction  in  the  velocity  of  light  in  an  accelerated  sys¬ 
tem  obtained  in  the  last  section  when  the  coordinate  time  is  used  can 
be  transcribed  for  a  gravitational  field  by  using  the  principle  of  equi¬ 
valence.  The  velocity  of  light  then  depends  on  the  gravitational  poten¬ 
tial  in  such  a  way  that  it  is  reduced  from  its  absolute  value.  For  a  weak 
gravitational  potential  we  obtain  the  form  given  by  Einstein  (1907, 
1908,  1911).  However,  we  can  integrate  this  form  to  obtain  an  expres¬ 
sion  for  the  speed  of  light  in  an  arbitrarily  strong  gravitational  field. 
This  form  is  identical  to  the  form  obtained  by  Abraham  (1912c,  d,  e) 
and  Tangherlini  (1968)  by  different  methods.  At  the  Schwarzschild 
radius  the  coordinate  velocity  of  light  becomes  zero. 

The  principle  of  equivalence  used  here  is  the  form  that  Einstein 
(1907)  originally  proposed  (Schwartz,  1977,  p.  899): 

We  .  .  .  will  therefore  assume  .  .  .  the  complete  physical  equival¬ 
ence  of  the  gravitational  field  and  the  corresponding  acceleration  of 
the  reference  system  ...  The  heuristic  value  of  the  assumption  lies 
therein  that  it  makes  possible  the  replacement  of  a  homogeneous 
gravitational  field  by  a  uniformly  accelerated  reference  system ,  the 
latter  case  being  amenable  to  theoretical  treatment  to  a  certain  degree 
(emphasis  added). 

It  is  apparent  that  Einstein  did  not  consider  his  principle  of  equival¬ 
ence  any  more  than  a  heuristic  device.  Synge  (1960)  has  called  the  prin¬ 
ciple  of  equivalence  a  “midwife”  that  was  present  at  the  birth  of  the 
general  theory  of  relativity.  In  this  paper  the  principle  of  equivalence  is 
used  in  that  spirit  (Ohanian  1977,  1979). 

If  the  constant  acceleration  g  in  Eq.  (1.5)  is  replaced  by  a  uniform 
gravitational  field  g  without  changing  the  sign,  the  velocity  of  light  in 
the  uniform  gravitational  field  becomes 
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r>  =  r  (  I  -  2S  2Ax  f  .  (2.1) 

which  is  less  than  its  absolute  value  c.  For  a  nonuniform  gravitational 
field,  Eq.  (2.1)  may  be  further  generalized  by  using 

g  =  ~VT,  (2.2) 

where  T  is  the  gravitational  potential.  Therefore  Eq.  (2.1)  can  be  writ¬ 
ten  as 

c'  —  c  (  I  +  2A4>  )**  .  (2.3) 

since  VTAx  =  AT  =  T'  —  T.  The  velocity  of  light  in  the  absence  of  a 
gravitational  field  is  c,  while  the  velocity  of  light  is  c'  at  the  point  r' 
where  the  gravitational  potential  is  T'  =  T(r').  Since  T  =  0,  Eq.  (2.3) 
becomes 


c'  =  c(l+  2*1)* 


(2.4) 


for  the  coordinate  velocity  of  light  in  the  gravitational  field  at  the 
point  r'.  This  argument  is  only  valid  for  a  weak  gravitational  field,  but 
Eq.  (2.4)  is  also  valid  for  a  strong  gravitational  field  as  I  shall  show. 

If  the  gravitational  field  T'  is  strong,  it  is  not  possible  to  replace  AT 
by  T'  as  was  done  to  obtain  Eq.  (2.4).  Since  A<f>/c2  can  be  made  small, 
Eq.  (2.3)  can  be  expanded  to  obtain  the  coordinate  velocity  of  light 


c'  =  c(l+4*), 


(2.5) 


to  first  order.  For  AT  =  T'  this  expression  was  first  obtained  by  Ein¬ 
stein  (1907,  1911).  For  a  small  AT/c2  there  is  no  difference  between 
Eqs.  (2.3)  and  (2.5).  If  the  limit  is  further  taken  as  Ax  becomes  infinites¬ 
imal,  Eq.  (2.5)  becomes 


dc  =  dT/c  (2.6) 

where  dc  =  c'  —  c  and  (IT  =  T'  —  T.  Equation  (2.6)  can  be  integrated 
from  the  point  r'  to  infinity  to  give 

J_(c2_c'2)= 

2 


(2.7) 
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where  the  speed  of  light  at  infinity  is  c  and  the  gravitational  potential 
is  zero.  When  Eq.  (2.7)  is  solved  for  c',  Eq.  (2.4)  is  obtained.  Therefore 
it  makes  no  difference  in  obtaining  Eq.  (2.4),  which  is  valid  for  strong 
as  well  as  weak  gravitational  fields,  whether  we  started  with  Eq.  (2.3) 
or  with  Eq.  (2.5),  since  both  are  equivalent  for  an  infinitesimal  differ¬ 
ence  <I>  .  Since  the  gravitational  potential  is  negative,  Eq.  (2.4)  shows 
that  light  slows  down  in  a  gravitational  field.  This  effect  may  be  inter¬ 
preted  in  terms  of  a  gravitational  index  of  refraction  n  =  (1  +  2* 
<f>'/c2)~2  which  has  been  obtained  by  Tangherlini  (1968,  1971)  by 
another  method.  This  reduced  velocity  is  the  opposite  of  a  classical 
light  corpuscle.  The  behavior  of  light  in  a  gravitational  field  is  analo¬ 
gous  to  its  behavior  in  a  material  medium.  In  that  case,  too,  the  classi¬ 
cal  corpuscular  theory  predicts  a  velocity  greater  than  the  velocity  of 
light  in  a  vacuum. 

For  a  spherically  symmetric  mass  M,  the  Newtonian  potential  4>  at  a 
distance  r  from  the  origin  and  outside  the  mass  is 


4>  =  -  GM/r  ,  (2.8) 

where  G  is  the  universal  gravitational  constant.  When  Eq.  (2.8)  is  sub¬ 
stituted  into  Eq.  (2.4),  the  speed  of  light  in  the  gravitational  field  is 

r'  =  r  /  1  -  2GM  (2.9) 

V  C2r'  ' 

Light  cannot  propagate  if  its  coordinate  velocity  c'  =  0,  which  occurs 
at  the  Schwarzschild  radius  (Ohanian  1976) 

r'  =  rs=  2GM  .  (2.10) 

c2 

Light  emitted  at  the  Schwarzschild  radius  is  infinitely  red  shifted  to 
zero  frequency  (Sears  and  Brehme  1968),  as  is  shown  in  the  next  sec¬ 
tion.  Thus  light  cannot  be  observed  emerging  from  a  collapsed  object 
of  mass  M  with  a  radius  less  than  or  equal  to  rs,  and  it  is  called  a  black 
hole  (Ohanian  1976,  Chap.  9). 

Einstein  (1907)  first  obtained  Eq.  (2.5)  by  considering  the  transforma¬ 
tion  of  Maxwell’s  equations  to  an  accelerated  system  and  then  using 
the  equivalence  principle.  Einstein  (1911)  later  obtained  it  by  consider¬ 
ing  the  effect  of  gravitation  on  clocks.  In  referring  to  it  Einstein  (1911) 
says,  “The  principle  of  the  constancy  of  the  velocity  of  light  holds 
good  according  to  this  theory  in  a  different  form  from  that  which  usu¬ 
ally  underlies  the  ordinary  theory  of  relativity’’  (Lorentz  et  al.  1952,  p. 
107).  Einstein  ( 1912a, b)  later  published  two  papers  on  a  scalar  theory 
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of  gravity  in  which  the  speed  of  light  played  the  role  of  a  scalar  field. 
Abraham  (1912a)  attacked  Einstein’s  work  and  the  special  theory  of 
relativity.  He  accused  Einstein  (1905)  of  abandoning  both  of  the  basic 
postulates  of  special  relativity.  Einstein  (1912c)  made  a  detailed  reply  to 
Abraham’s  criticism.  As  Lanczos  (1974)  has  written 

Einstein  realized  that  he  actually  gave  his  enemies  a  broad  front  of 
attack .  First  he  demanded  ' dogmatically ’  that  light  travels  uniformly , 
with  constant  velocity  in  every  equivalent  reference  system,  and  now 
he  gives  up  the  constancy  of  light  velocity.  His  answer  tries  to 
explain  that  his  new  theory  is  not  a  surrender  of  his  earlier  work  but 
a  natural  extension  of  it.  At  the  same  time  he  is  not  on  firm  ground 
because  he  is  aware  of  the  temporary  nature  of  his  new  speculations 
and  the  magnitude  of  a  task  which  seems  to  transcend  his  present 
horizon  (emphasis  added). 

Abraham  (1912b)  continued  to  attack  relativity,  and  Einstein  (191 2d) 
decided  to  terminate  the  controversy  until  his  gravitational  theory  was 
completed.  In  the  next  section  the  velocity  of  light  depending  on  the 
gravitational  potential  is  used  to  derive  the  gravitational  red  shift. 

GRAVITATIONAL  RED  SHIFT 

The  gravitational  red  shift  of  light  from  a  star  was  one  of  the  first 
predictions  of  Einstein  based  on  the  principle  of  equivalence  (1907, 
1911).  It  is  the  only  one  of  the  three  original  predictions  of  the  general 
theory  of  relativity  which  can  be  derived  exactly  from  special  relativity 
and  the  principle  of  equivalence  (Schild  1960).  Schiff  (1960)  derived 
both  the  gravitational  red  shift  and  the  general  relativistic  bending  of 
light  by  a  gravitational  field  from  an  argument  based  on  the  special 
theory  and  the  principle  of  equivalence.  His  latter  derivation  is  consi¬ 
dered  invalid  (Sacks  and  Ball  1968;  Rindler  1968,  1977),  but  the  red 
shift  calculation  is  satisfactory.  Schild  (1962)  argues  that  the  gravita¬ 
tional  red  shift  implies  that  spacetime  is  curved  (Misner  et  al.  1973).  On 
the  other  hand,  Lands  berg  and  Bishop  (1976)  have  made  a  careful  dis¬ 
tinction,  which  is  not  usually  made  (Bishop  and  Landsberg  1974), 
between  the  Doppler  shift  and  the  gravitational  red  shift.  Their  conclu¬ 
sion  is  that,  while  there  is  no  gravitational  red  shift  in  classical 
mechanics  because  of  absolute  time,  there  is  indeed  a  gravitational  red 
shift  in  special  relativity  which  differs  when  radar  distances  are  used 
from  the  exact  special  relativistic  Doppler  shift  (Price  1974). 

The  approach  used  here  to  obtain  the  gravitational  red  shift  involves 
a  generalization  of  the  metric  of  flat  spacetime  to  a  curved  spacetime. 
The  element  of  spacetime  separation  in  special  relativity  is  generalized 
here  by  using  the  coordinate  velocity  of  light  in  a  gravitational  field 
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instead  of  the  local  velocity  of  light  c.  This  modification  of  the  metric 
implies  that  spacetime  is  no  longer  flat.  The  proper  time  of  clocks  in 
different  gravitational  fields  is  different,  and  this  effect  results  in  the 
shift  of  frequency  of  light  emitted  in  one  gravitational  field  and 
observed  in  another.  The  frequency  ratio  derived  here  is  the  same  as  the 
one  obtained  from  an  exact  solution  of  Einstein’s  field  equations.  In 
the  limit  of  weak  gravitational  fields  it  reduces  to  the  form  first  derived 
by  Einstein  (1911).  Incidentally,  the  gravitational  red  shift  has  been  cal¬ 
culated  directly  from  Einstein’s  field  equation  without  using  the  prin¬ 
ciple  of  equivalence  (Peres  1972). 

In  special  relativity  the  element  of  spacetime  separation  ds  is 

ds2  =  (cdt)2  —  dx2  —  dy2  —  dz2  ,  (3.1) 

and  an  element  of  proper  time  dr  is  defined  as  dr  =  ds/c.  If  we  are  at  a 
point  in  spacetime  where  the  gravitational  potential  is  4>',  it  is  natural 
to  generalize  Eq.  (3.1)  to 

(ds')2  =  (c'dt)2  -  dx2  -  dy2  -  dz2  (3.2) 

(Guth  1970),  where  the  speed  of  light  is  given  by  Eq.  (2.4).  This  form 
of  the  spacetime  separation  implies  a  curved  spacetime.4 

The  implications  of  Eq.  (3.2)  for  the  effect  of  gravity  on  the  mea¬ 
surement  of  time  are  now  discussed.  We  shall  consider  a  static  situation 
in  which  an  atom,  located  at  the  point  n  where  the  gravitational 
potential  is  4>i  emits  light  with  a  frequency  v\.  This  light  then  propa¬ 
gates  through  space  to  the  point  r2  where  the  gravitational  potential  is 
<£2,  and  is  observed  to  have  the  frequency  V2.  The  frequency  shift  V2  ~ 
v\  is  called  “the  gravitational  red  shift’’  if  V2  <  v\  as  it  is  for  light  emit¬ 
ted  from  a  star  and  observed  on  earth. 

The  atom  located  at  the  point  ri  makes  a  transition  and  emits  dn 
cycles  in  the  proper  time  dn.  The  element  of  proper  time  dn  is  related 
to  the  corresponding  element  of  coordinate  time  dti  by  Eq.  (3.2) 

(cdn)2  =  dsf  -  (cdt,)2,  (3.3) 

because  the  position  of  the  atom  at  r,  is  unchanged  in  the  process  (dx, 
=  dy,  -  dzi  =  0).  The  velocity  c  of  the  light  in  the  gravitational  poten¬ 
tial  <£i  is  obtained  from  Eq.  (2.4). 

4Guth  (1970,  p.  171-172)  says  his  Eq.  (III. la)  [our  Eq.  (3.2)]  describes  a  Riemannian 
spacetime.  His  Eq.  (III. lb)  is  the  same  as  our  Eq.  (2.5)  with 


AT  =  -GM/r  . 
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The  dn  cycles  of  the  same  light  are  observed  in  a  proper  time  dn  at 
the  point  r2  where  the  gravitational  potential  is  <£2.  The  element  of 
proper  time  dn  is  related  to  the  corresponding  element  of  coordinate 
time  dt2  by  Eq.  (3.2) 


(cdr2)2  =  dsj  =  (c2dt2)2  ,  (3.4) 

because  the  position  of  the  observer  at  n  is  also  fixed  (dx2  =  dy2  =  dz2 
=  0).  The  velocity  C2  is  likewise  given  by  Eq.  (2.4)  with  the  correspond¬ 
ing  gravitational  potential. 

For  a  static  situation  the  elements  of  coordinate  time  for  the  two  pro¬ 
cesses  are  equal 


dti  =  dt2  .  (3.5) 

The  time  of  passage  (t2  —  ti)  from  point  n  to  point  n  of  the  beginning 
of  the  dn  cycles  is  equal  to  the  time  of  passage  of  the  end  of  the  dn 
cycles  [(t2  +  dt2)  —  (ti  +  dti )]. 

The  relationship  between  the  proper  times  dn  and  dn  can  now  be 
obtained  by  taking  the  square  root  of  the  ratio  of  Eqs.  (3.4)  and  (3.3), 
which  gives 


4li=C2_,  (3.6) 

dn  ci 


when  Eq.  (3.5)  is  used.  Since  dn  cycles  of  light  are  emitted  in  a  proper 
time  dn,  the  frequency  of  the  emitted  light  is  vi  ■—  dn/dn.  Likewise, 
the  frequency  of  the  observed  light  is  vi  —  dn/dn.  The  velocity  of  light 
ci  in  the  gravitational  potential  4>i  is  obtained  from  Eq.  (2.4)  and  sim¬ 
ilarly  for  C2.  Therefore  Eq.  (3.6)  becomes 


Vi  = 

777  L  1  +  2  4>i/c2  -I 


(3.7) 


which  holds  for  arbitrary  gravitational  potentials.  Equation  (3.7)  is  the 
same  frequency  ratio  that  is  obtained  from  the  Shwarzschild  solution  to 
the  Einstein  gravitational  field  equations  (Ohanian  1976,  pp.  208-216). 
It  has  been  shown  to  be  independent  of  the  choice  of  coordinates  (Ross 
1971). 

When  the  denominator  of  Eq.  (3.7)  vanishes,  the  observed  frequency 
vi  =  0  is  infinitely  red  shifted.  This  situation  occurs  when  ri  =  is,  the 
Schwarzschild  radius  in  Eq.  (2.10).  When  ri  =  rs,  the  coordinate  veloc¬ 
ity  of  light  ci  in  Eq.  (2.4)  equals  zero.  The  Schwarzschild  radius  thus 
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describes  the  surface  of  a  black  hole,  on  which  light  emitted  cannot  be 
observed  by  someone  outside. 

In  the  special  case  where  |4>i/c2|  «  1,  Eq.  (3.7)  becomes 


(3.8) 


where  Av  =  V2  ~  v\  and  A<J>  =  <I>2  —  <I>i.  If  the  light  is  emitted  at  the 
surface  of  a  star  and  observed  on  earth  then  A<I>  >  0,  and  Av  <  0, 
which  indicates  a  shift  to  the  red.  Equation  (3.8)  was  first  obtained  by 
Einstein  (1911).  In  the  next  section  the  connection  between  gravitation 
and  geometry  is  made,  based  on  the  coordinate  velocity  of  light. 

CONNECTION  BETWEEN  GRAVITATION  AND  GEOMETRY 

In  this  section  the  implication  of  the  last  section  for  developing  a 
geometrical  theory  of  gravitation  is  explored.  The  theory  of  gravitation 
developed  here  is  a  generalization  of  special  relativity  because  the  equi¬ 
valence  principle  relates  an  accelerated  coordinate  system  to  a  uniform 
gravitational  field.5  At  the  same  time,  it  is  also  a  generalization  of  New¬ 
tonian  gravitation,  since  Poisson’s  equation  is  rewritten  in  this  section 
in  terms  of  a  component  of  the  Ricci  tensor.  In  the  next  section,  equa¬ 
tions  of  this  section  are  generalized  in  a  natural  way  to  give  Einstein’s 
gravitational  field  equation. 

The  element  of  spacetime  separation  postulated  in  Eq.  (3.2)  cannot 
be  general,  since  the  space  and  time  coordinates  are  not  treated  on  an 
equal  footing.  In  a  general  static  situation  the  element  of  spacetime 
separation  can  be  written  as  (Weyl  1922) 

ds2  —  goo  (dx0)2  +  gy  dx1  dx*  ,  (4.1) 

where  x°  =  ct,  x1  =  x,  x2  =  y,  and  x3  =  z.  The  summation  convention 
on  the  repeated  Latin  indices  i  and  j  is  over  1,  2,  and  3.  Since  the  situa¬ 
tion  is  static,  the  metric  components  goo  and  gy  are  assumed  to  be  func¬ 
tions  of  the  spatial  variables  only. 

From  Eqs.  (2.4)  and  (3.2)  the  coefficient  of  (dx0)2  =  c2dt2  in  Eq.  (4.1) 
is 

goo  =  1  +  ^5-  ,  (4.2) 

c 

5Synge  (1960)  objects  to  the  term  “general  theory  of  relativity’’  for  Einstein’s  theory  of 
gravitation  because  it  makes  reference  to  “the  obscure  philosophy  which  may  have  sug¬ 
gested  it  originally.’’  He  suggests  that  “the  facts  of  absolute  spacetime  [be]  faced.’’  The 
inductive  point  of  view  adopted  here  shows  how  the  special  theory  is  generalized  while 
simultaneously  generalizing  Newtonian  gravitation. 
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where  is  the  gravitational  potential  at  the  point  r  =  (x1,  x2,  x3).6 

Newton’s  universal  law  of  gravitation  gives  the  force  between  two 
masses  as  proportional  to  the  product  of  the  two  masses,  inversely  pro¬ 
portional  to  the  square  of  the  distance  between  them,  and  directed 
along  the  line  joining  their  centers  of  mass.  For  a  mass  density  p  the 
force  can  be  obtained  by  using  the  principle  of  superposition.  The 
gravitational  field  g  is  defined  as  the  force  on  a  unit  test  mass,  and  is 
equal  to  the  acceleration  of  all  bodies  because  of  the  equality  of  the 
gravitational  and  inertial  masses.  Because  the  gravitational  field  is  con¬ 
servative,  it  can  be  written  as  the  negative  gradient  of  a  gravitational 
potential  as  in  Eq.  (3.2).  The  Newtonian  gravitational  potential  sat¬ 
isfies  Poisson’s  equation  (Ohanian  1976,  Chap.  1) 

V2<i>  =  4jrGp  ,  (4.3) 

where  p  is  the  mass  density  and  G  is  the  gravitational  constant.  Pois¬ 
son’s  equation  shows  that  the  gravitational  field  propagates  instan¬ 
taneously,  which  violates  the  special  theory  of  relativity.  Einstein’s  gen¬ 
eral  theory  of  relativity  was  a  consequence  of  developing  a  theory  of 
gravitation  which  would  be  compatible  with  the  special  theory  (Ein¬ 
stein  1954). 

The  gravitational  potential  is  related  to  the  component  goo  of  the 
metric  by  Eq.  (4.2).  If  the  Laplacian  of  Eq.  (4.2)  is  taken  and  Poisson’s 
equation  in  Eq.  (4.3)  is  used,  we  obtain 

V2goo  —  8  7T  G  p  /c2  .  (4.4) 

The  left  hand  side  of  Eq.  (4.4)  is  the  Laplacian  of  a  component  goo  of 
the  metric  tensor  in  the  static  case.  It  is  not,  however,  itself  a  com¬ 
ponent  of  a  tensor.  On  the  other  hand,  the  Ricci  tensor  (Weinberg 
1972)  (see  Appendix  B)  has  a  component  Ro°  which  can  be  related  to 
the  left  hand  side  of  Eq.  (4.4)  by 

Ro°  =  —  14  V 2 goo  +  nonlinear  terms  ,  (4.5) 

as  shown  in  Appendix  C.  The  nonlinear  terms  include  the  self  energy 
of  the  mass  density  p,  i.e.,  the  interaction  of  the  mass  density  p  with  its 
own  gravitational  potential  <F,  as  well  as  the  energy  of  the  gravitational 
field  generated  by  p.  These  terms  are  negligible  if  the  gravitational  field 
is  sufficiently  weak.  When  Eq.  (4.4)  is  substituted  into  Eq.  (4.5),  we 
obtain 

6Equation  (4.2)  can  also  be  obtained  by  a  comparison  of  the  nonrelativistic  reduction  of 
the  equation  for  the  motion  of  a  particle  along  a  geodesic  and  the  Newtonian  equation 
of  motion  for  a  particle  in  a  gravitational  field  (Pauli  1958). 
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Ro°  =  ~  Ml  pc2  .  (4.6) 

c 

Therefore  Poisson’s  equation  for  the  Newtonian  potential  suggests  a 
relationship  between  gravitation  and  the  curvature  of  spacetime,  which 
is  described  by  the  Ricci  tensor  R^. 

Since  the  left  hand  side  of  Eq.  (4.6)  is  the  component  of  a  tensor,  the 
right  hand  side  of  the  equation  must  be  also.  For  a  static  tenuous  gas 
of  density  p  and  negligible  pressure,  the  component  To°  of  the  energy- 
momentum  stress  tensor  is  pc2,  which  is  the  rest  energy  density 

(Adler  et  al.  1975).  The  other  components  of  T ^  are  negligible  in  this 
case.  Therefore  the  trace  T  =  T ^  of  the  stress  tensor  is  also  p  c2.  Since 
T  is  a  scalar,  the  only  second-rank  tensor  that  can  be  constructed  from 
it  is  T  ,  where  is  the  Kronecker  delta  tensor.  The  right  hand 
side  of  Eq.  (4.6)  can  thus  be  written  as  a  linear  combination  of  To°  and 
T  6o°, 


Ro°  =  ~  47rG[aT0°  +  ( 1  -  a)T6o°]  ,  (4.7) 

4 

C 

where  a  is  a  constant  which  is  to  be  determined.7  Equation  (4.7)  is 
obviously  incomplete  since  only  one  component  of  the  Ricci  and  stress 
tensors  is  involved  and  the  static  metric  in  Eq.  (4.1)  has  been  used.  In 
the  next  section,  Eq.  (4.7)  is  generalized  in  a  natural  way  to  give  Ein¬ 
stein’s  equation. 

EINSTEIN’S  GRAVITATIONAL  FIELD  EQUATION 

In  the  last  section  we  showed  that  in  the  static  case,  there  is  a  con¬ 
nection  between  the  gravitational  field  and  the  geometry  of  spacetime. 
The  presence  of  mass  density  causes  curvature  according  to  Eq.  (4.6).  In 
this  section,  Eq.  (4.7)  is  generalized  by  using  the  principle  of  general 
covariance  to  obtain  Einstein’s  gravitational  field  equation.  The  prin¬ 
ciple  of  general  covariance  as  formulated  by  Einstein  (1916)  states  that, 
“ The  general  laws  of  nature  are  to  be  expressed  by  equations  which 
hold  good  for  all  systems  of  co-ordinates ,  .  .  .”  (original  emphasis) 
(Lorentz  et  al.  1952,  p.  117).  This  principle  means  that  the  laws  of 
physics  should  be  tensor  equations,  which  do  not  change  their  form 
under  a  general  coordinate  transformation  (Carmeli  1977).  When  used 
together  with  a  criterion  of  simplicity  the  principle  of  general  covar¬ 
iance  is  a  powerful  tool  for  obtaining  new  laws  of  physics. 

The  element  of  spacetime  separation  in  Eq.  (4.1)  is  only  a  special 
case  in  which  the  metric  is  assumed  to  be  static  and  off-diagonal  terms 

7This  approach  in  a  somewhat  different  context  is  used  by  Birkhoff  (1923). 
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of  the  type  goi  (i  =  1,  2,  3)  are  zero.  The  equation  is  not  generally  co¬ 
variant,  i.e.,  the  same  in  all  coordinate  systems.  The  generally  covariant 
element  of  spacetime  separation  is 

ds2  =  g/iv  dxM  dx^  ,  (5.1) 

where  the  metric  tensor  is  a  function  of  all  the  spacetime  coordi¬ 
nates  x  =  (x°,  x1,  x2,  x3).  The  summation  convention  over  the  repeated 
Greek  indices  /i  and  v  in  Eq.  (5.1)  is  from  0  to  3. 

When  the  principle  of  general  covariance  is  applied  to  Eq.  (4.7), 
which  is  a  single  component  of  a  tensor  equation,  it  becomes  the  full 
tensor  equation 


IV  =  ~4  +  (l-a)T<y]  (5.2) 

c 

for  all  \i,  v  —  (0,  1,  2,  3).  The  Ricci  tensor  R^  is  defined  in  Appendix 
B,  and  involves  only  first  and  second  derivatives  of  the  metric  tensor 
gjxv  The  energy-momentum  stress  tensor  for  all  matter  and  non- 
gravitational  fields  is  used.  In  the  static  limit  for  the  metric  in  Eq. 
(4.1),  Eq.  (5.2)  reduces  to  Eq.  (4.7)  for  all  values  of  a.  By  the  principle 
of  general  covariance,  Eq.  (5.2)  is  valid  in  general. 

The  constant  a  must  now  be  determined.  The  trace  of  Eq.  (5.2)  gives 

R  =  —  4  E  G  T(4  -  Sa)  ,  (5.3) 

4 

C 

which  relates  T=V  to  R  =  R^M.  Therefore  Eq.  (5.2)  can  be  written 
in  terms  of  R  rather  than  T, 

Ru^~  U~a)  lyR  =-47rGaT  v  (5.4) 

(4-  3a)  c4 

Since  energy  and  momentum  are  conserved,  the  stress  tensor  satisfies 
the  equation  of  continuity  (Misner  et  al.  1973,  pp.  404-409) 

T^;„  =  0,  (5.5) 

where  the  semicolon  indicates  the  covariant  derivative.  Therefore,  the 
covariant  derivative  of  the  left  hand  side  of  Eq.  (5.4)  must  vanish.  The 
second  Bianchi  identity  (Weinberg  1972)  is 


-  Vz  8 ^  R);„  =  0. 


(5.6) 
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The  coefficient  of  R  in  Eq.  (5.4)  must  thus  satisfy 

1-3  =-L,  (5.7) 

4-  3a  2 

which  determines  a  =  2.  Therefore,  Eq.  (5.4)  becomes 

R(u"  _  1/2  V  R  =  -  8  nf’  Tp.v  ,  (5.8) 

c4 

which  is  Einstein’s  equation  for  the  gravitational  field  (Einstein  1916). 

In  reflecting  on  Eq.  (5.8)  Einstein  (1949)  wrote 

The  peculiarity  of  these  equations  lies,  on  the  one  hand,  in  their 
complicated  construction,  especially  their  non-linear  character  as 
regards  the  field-variables  and  their  derivatives,  and,  on  the  other 
hand,  in  the  almost  compelling  necessity  with  which  the 
transformation-group  determines  this  complicated  field-law  (empha¬ 
sis  added). 

Although  Eq.  (5.8)  is  his  original  field  equation,  Einstein  (1917)  later 
added  a  term  A  8 ^  to  the  left  hand  side,  where  A  is  called  the  “cosmo¬ 
logical  constant.’’  His  motivation  for  doing  this  was  to  obtain  a  static 
closed  universe  which  is  eternal.  Had  he  not  done  this,  but  looked  for 
time-dependent  solutions  of  his  original  equation,  he  would  have  pre¬ 
dicted  the  expansion  of  the  universe  a  decade  before  it  was  discovered 
(Misner  et  al.  1973,  pp.  409-412).  Einstein  later  called  the  cosmological 
constant  (Gamow  1970)  “the  biggest  blunder  of  my  life.”  Fock  (1964) 
and  Zel’dovich  (1967,  1968)  have  reinterpreted  the  cosmological  con¬ 
stant  in  terms  of  the  stress  tensor  for  the  vacuum  T ^  (vac)  =  A <5^  and 
added  it  to  T ^  on  the  right  hand  side  of  Eq.  (5.8).  The  equation  then 
can  be  rewritten  as 


R  + A  =  - 8  ^  G  -  (5.9) 

c4 

where  A  =  SrrGX/c4  is  the  cosmological  constant.  Since  A  can  in  prin¬ 
ciple  be  determined  from  observations  many  cosmologists  do  not  want 
to  discard  A  until  observations  show  that  it  is  negligible. 


CONCLUSION 

In  this  paper  we  have  developed  an  approach  to  Einstein’s  gravita¬ 
tional  field  equation  which  to  some  extent  parallels  its  historical  devel- 
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opment.  By  considering  an  accelerated  coordinate  system,  we  show  that 
the  speed  of  light  is  not  constant  for  the  accelerated  observer  if  he  uses 
the  time  in  the  original  inertial  system.  By  the  principle  of  equivalence 
of  a  gravitational  field  to  an  accelerated  coordinate  system,  the  coordi¬ 
nate  speed  of  light  is  reduced  in  a  gravitational  field.  When  the  element 
of  spacetime  separation  in  special  relativity  is  generalized  in  a  natural 
way  for  a  speed  of  light  dependent  on  the  gravitational  potential,  the 
gravitational  red  shift  is  obtained.  The  Schwarzschild  radius  of  a  black 
hole  on  which  the  red  shift  is  infinite  is  obtained  exactly  by  the 
approach  used  here. 

It  is  usual  when  calculating  the  gravitational  red  shift  to  consider  the 
effect  of  acceleration  on  clocks  (Sears  and  Brehme  1968)  and  then  use 
the  equivalence  principle  to  obtain  the  effect  of  a  gravitational  field. 
We  have  considered  the  effect  of  acceleration  on  the  velocity  of  light 
instead.  Since  gooc2dt2  is  a  term  in  the  general  element  of  spacetime 
separation,  both  points  of  view  are  equivalent.  The  slowing  down  of 
clocks  in  a  gravitational  field  is  given  by  yj goo  dt.  The  slowing  down  of 
light  in  the  accelerated  frame  is  described  by  \J goo  c,  which  is  the  coor¬ 
dinate  velocity  of  light  dr/dt  in  this  approach  when  ds  =  0  and  gy  =  — 
<5y  in  Eq.  (4.1).  Therefore,  from  the  heuristic  point  of  view,  both 
approaches  give  the  same  element  of  separation  in  a  curved  spacetime 
and  both  approaches  lead  to  the  same  gravitational  field  equations. 

Since  space  and  time  must  be  treated  on  an  equal  footing  in  relativ¬ 
ity,  the  element  of  spacetime  separation  can  be  further  generalized  in 
the  static  case.  The  reduced  speed  of  light  in  a  gravitational  field  gives 
a  relationship  between  the  component  goo  of  the  metric  tensor  and  the 
Newtonian  gravitational  potential.  The  component  Ro°  of  the  Ricci 
tensor  is,  except  for  nonlinear  terms,  proportional  to  the  Laplacian  of 
goo,  which  in  turn  is  proportional  to  the  Laplacian  of  the  Newtonian 
gravitational  potential  4>.  By  Poisson’s  equation  the  component  Ro°  of 
the  Ricci  tensor  is  thus  proportional  to  the  mass  density.  In  the  case  of 
a  dilute  gas  at  rest  with  negligible  pressure  the  mass  density  is  propor¬ 
tional  to  To°,  a  component  of  the  energy-momentum  stress  tensor,  and 
also  to  its  trace  T.  Therefore,  Ro°  is  proportional  to  a  linear  combina¬ 
tion  of  To0  and  T. 

By  invoking  Einstein’s  principle  of  general  covariance,  the  Ricci  ten¬ 
sor  R^  is  proportional  to  a  linear  combination  of  T  and  T8^u, 
where  8^  is  the  Kronecker  delta  tensor.  The  constant  in  the  linear 
combination  is  obtained  from  energy-momentum  conservation  and  the 
second  Bianchi  identity.  Einstein’s  equation  for  the  gravitational  field 
then  results.  The  derivation  given  here  has  the  advantage  over  most 
approaches  in  that  Einstein’s  field  equation  appears  as  a  consequence 
of  generalizing  both  the  special  theory  of  relativity  and  Newtonian 
gravitation.  The  physical  reasoning  involved  is  similar  to  that  used  by 
Einstein  during  the  period  from  1907  to  1915  (Mehra  1973,  1974). 
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APPENDIX  A: 

COORDINATES  OF  AN  ACCELERATED  OBSERVER 

In  this  appendix  it  is  shown  that  it  is  not  necessary  to  take  special 
relativistic  effects  into  account  when  comparing  the  space  and  time 
coordinates  in  the  inertial  system  and  in  the  accelerated  system  if  gt  « 
c.  For  an  observer  in  an  inertial  system,  the  space  and  time  coordinates 
of  the  origin  O'  of  a  uniformly  accelerated  coordinate  system  are 
(Misner  et  al.,  1973,  p.  166) 

t  —  eg-1  sinh  (gr/c)  (Al) 


and 


x  =  eg  1  cosh  (g  r/c)  —  c2g  1  ,  (A2) 

where  r  is  the  proper  time  and  g  is  the  constant  acceleration.  Therefore 
the  motion  is  hyperbolic. 

If  gr  «  c,  then  Eqs.  (Al)  and  (A2)  can  be  expanded  to  give 

t  =  r  [l  +  O  (  (gt/c)2  )  ]  .  (A3) 


and 

X  =  k2gt2  [l  +  o(  (gt/c)2)]  .  (A4) 

Equations  (A3)  and  (A4)  are  the  Newtonian  equations  for  uniform 
acceleration  which  are  valid  to  order  (gt/c)2.  Equation  (A4)  describes 
the  usual  parabolic  motion  of  classical  mechanics.  Therefore  special 
relativistic  effects  do  not  have  to  be  taken  into  account  for  gt/c  «  1. 
Newtonian  kinematics  can  therefore  be  used  to  obtain  the  coordinate 
velocity  of  light. 

On  the  other  hand,  an  observer  in  an  inertial  system  with  spacetime 
coordinate  (x",  t")  which  is  comoving  with  the  accelerated  system  mea¬ 
sures  a  local  velocity  of  light  which  is  still  c.  The  Lorentz  transforma¬ 
tion  applies  for  observers  in  different  inertial  systems.  When  the  veloc¬ 
ity  of  the  accelerated  system  is  v  —  gt,  the  velocity  of  light  in  the 
comoving  inertial  system  is 
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dx"  —  c  —  v  —  c 
dt"  j  _cv 


(A5) 


from  the  formula  for  the  addition  of  velocities.  Thus  no  matter  how 
slowly  the  comoving  inertial  system  moves,  special  relativity  ensures 
that  the  local  velocity  of  light  is  always  c  (Sears  and  Brehme  1968). 


APPENDIX  B: 

DEFINITION  OF  THE  RICCI  TENSOR 

In  order  to  avoid  burdening  the  body  of  the  paper  with  tensor  analysis, 
the  Ricci  tensor  is  defined  here  for  the  general  metric  in  Eq.  (5.1). 8  The 
Ricci  tensor  is  defined  in  terms  of  the  Riemann  tensor,  which  in  turn  is 
defined  in  terms  of  the  Christoffel  symbols.  The  Christoffel  symbols  are 
defined  in  terms  of  the  metric  tensor  g^v  in  EQ-  (5-1)  by 

r®py  =  V2  gonrj  (grjpy  +  gyr]p  -  gpyjJ )  ,  (Bl) 

where  a  sum  on  the  repeated  Greek  index  77  from  0  to  3  is  understood 
and  the  comma  indicates  differentiation  with  respect  to  the  coordinate 
component  which  follows.  The  tensor  gaP  is  the  tensor  inverse  to  ga^g, 
so  that 


ga*7  gvp  =  8<*p  ,  (B2) 

where  8ap  is  the  Kronecker  delta.  The  Riemann  tensor  is  then  defined 
as 


Ra/ju>/3  ~  raijivj3  r&jjip  v  +  r°^ara^  ravaro up  .  (B3) 

The  Ricci  tensor  is  obtained  by  contracting  Eq.  (B3)  on  a  and  /3  , 

Rgv  ~  R^idva  >  (E4) 

which  is  a  covariant  tensor.  The  mixed  tensor  R^  is  obtained  from 
Eq.  (B4)  by  raising  the  last  index, 


R^  =  •  (B5) 

Equation  (B5)  is  used  in  Eq.  (5.2),  and  the  component  Ro°  is  used  in 
Eq.  (4.5)  for  the  special  case  of  the  metric  in  Eq.  (4.1). 


‘Most  of  the  books  on  general  relativity  cited  have  chapters  on  tensor  analysis  and  Rie- 
mannian  geometry.  The  notation  used  here  is  the  same  as  Ohanian  (1976,  Chap.  6). 


254 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  XXXIV,  NOS.  3  &  4,  1982 


APPENDIX  C: 

DERIVATION  OF  EQ.  (4.5) 

In  this  appendix  we  shall  derive  Eq.  (4.5)  including  the  nonlinear 
terms.  First  we  shall  consider  the  Laplacian  of  goo  for  the  static  metric 
in  Eq.  (4.1).  The  Laplacian  of  goo  is  defined  as  (Adler  et  al.  1975,  p.  79) 

-  V2  goo  =  1  3i(V-g'  gIJ  9,  goo)  ,  (Cl) 

where  the  sum  on  the  repeated  Latin  indices  i  and  j  is  from  1  to  3,  and 
the  derivative  is  defined  as  d\  —  d/dxl.  The  matrix  inverse  to  the  matrix 
of  gy  has  elements  glj,  and  g'  =  det  (gy ).  When  the  differentiation  in  Eq. 
(Cl)  is  performed,  we  obtain 

-  V2goo  =  (9,  In  v~g')  g,J  goo.j  +  g,J,i  g  00,j  +  g‘J  goo.j.i  ,  (C2) 

where  goo,j  =  3j  goo  and  g1J,i  =  9igIJ  are  partial  derivatives.  We  can  make 
use  of  the  identity 


dii  =  -g,k  gkn,i  gnj  ,  (C3) 

which  can  be  derived  from  the  three  dimensional  form  of  Eq.  (B2),  and 
the  identity  (Adler  et  al.  1975,  p.  76) 

di  In  \/“g'  -  k2gkn  gkn,i  .  (C4) 

When  Eqs.  (C3)  and  (C4)  are  used  in  Eq.  (C2),  we  obtain 

“  V2g00  =  ~g1J  gkn  g00,n  (gjk,i  -  J*gj,k)  +  g1J  g00,i,j  •  (C5) 

The  Ricci  tensor  component  Roo  defined  in  Eq.  (B4)  for  the  static 
metric  in  Eq.  (4.1)  is 

—  Roo  —  raoo,o;  +  l  fto;o  Faoo  ~  r^ocrr^Q,  ,  (C6) 


where  the  summation  over  the  repeated  Greek  indices  is  from  0  to  3. 
Because  the  metric  is  static,  r^oo;,o  =  0.  When  Eq.  (Bl)  is  substituted 
into  Eq.  (C6),  and  the  terms  rearranged,  we  obtain 


2 Roo  -  -g®/3  gM"  goo.j,  (g Pn,ot  -  Kgotp.ix)  +  g°P  goo,a./8 

-  g00  gap  g00>a  g00i/3  . 


(C7) 
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The  zero  term  in  the  summation  can  be  separated  from  the  terms  1,  2 
and  3.  Because  the  metric  in  Eq.  (4.1)  is  static,  the  derivatives  with 


respect  to  x°  vanish,  and  we  obtain 

2Roo  =  -g1J  gkn  goo,n  (gjk,i  -  J/2gj,k)  +  gJ  goo,i,j  -  Hg00  g,Jgoo,i  goo,j  .  (C8) 

When  Eq.  (C8)  is  compared  with  Eq.  (C5)  we  obtain 

-2Roo  =  V2goo  +  Hg00  gij  gooii  goo.j  .  (C9) 

The  last  index  of  the  Ricci  tensor  can  be  raised 

Ro°  =  g0^  Ro/n  =  g°°Roo  ,  (CIO) 

since  the  elements  goi  =  0  (i  =  1,2,3)  in  Eq.  (4.1).  The  component  Ro°  of 
the  mixed  tensor  thus  becomes 

-2Ro  -  g  V  goo+^g  g  gJ  goo,i  goo,j  ,  (Cl  1) 


from  Eq.  (C9).  But  from  Eq.  (4.1),  g00  =  (goo)  1  because  there  are  no  off- 
diagonal  elements  goi  (i  =  1,2,3).  Therefore  Eq.  (Cl  1)  can  be  written  as 

— 2Ro°  —  V2goo  +  (1  —  goo)  (goo)  1  V2goo  +  %(goo)  2  glj  goo,i  goo,j  .  (C12) 

When  Eq.  (C12)  is  divided  by  —2,  Eq.  (4.5)  is  obtained  with  the  nonlin¬ 
ear  terms  explicitly  shown. 
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OCCURRENCE  OF  ACHURUM  H1LL1ARD1  (ORTHOPTERA:  ACRIDI- 
DAE)  IN  THE  PROPOSED  GRAHAM  CREEK  WILDERNESS  AREA. — David 
L.  McCulloch  and  William  S.  Pickrell,  Department  of  Biology,  Stephen  F.  Austin  State 
University,  Nacogdoches,  TX  75961. 

In  June  of  1980,  a  single  adult  male  specimen  of  Achurum  hilliardi  (Fig.  1)  was  col¬ 
lected  in  the  proposed  Graham  Creek  Wilderness  Area.  During  sampling  the  following 
spring,  a  second  adult  male  was  also  collected.  Achurum  hilliardi  was  originally  collected 
near  Warren  in  east  Texas,  and  no  additional  sites  have  been  reported  in  the  literature 
since  it  was  described  as  a  new  species  by  Gurney  (J.  Wash.  Acad.  Sci.,  49:117,  1959).  The 
site  near  Warren  was  described  by  Dr.  John  R.  Hilliard  (for  whom  the  grasshopper  was 
named)  as  a  low,  wet,  boggy  meadow  which  supported  a  lush  growth  of  sedges,  grasses, 
and  numerous  clumps  of  pitcher  plants.  Adjacent  to  the  site  was  a  railroad  right-of-way 
and  a  wooded  area  containing  pine,  oak,  and  magnolia. 

According  to  Dr.  Hilliard  (pers.  comm.),  A.  hilliardi  is  found  primarily  associated  with 
bluestem  grasses  in  and  around  the  perimeter  of  bogs.  Instars  have  been  collected  as  early 
as  April.  Adults  are  present  in  late  April  and  are  absent  by  the  end  of  June  in  most  years. 

The  first  specimen  found  in  the  study  was  collected  13  km  south  of  Zavalla,  Texas,  322 
m  east  of  Texas  highway  69  on  Forest  Road  314.  The  site  was  a  low,  wet,  grassy,  pipeline 


Figure  1.  Adult  male  Achurum  hilliardi. 
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right-of-way  which  ran  through  a  mixed  pine-hardwood  bottomland.  Much  of  the  area 
received  water  from  the  adjacent  Graham  Creek  and  Neches  River  during  floodstage.  The 
specimen  was  collected  during  random  sweeping  in  the  sparse,  waist-high  grass  of  the 
right-of-way.  Although  numerous  pitcher  plants,  sedges,  and  grasses  were  swept  in  the 
area,  no  additional  specimens  of  A.  hillardi  were  found.  The  second  adult  male  was  col¬ 
lected  on  grass  near  a  seep  located  in  a  longleaf  pine  uplands,  approximately  2  km  north¬ 
east  of  where  the  previous  collection  was  made.  This  would  incicate  that,  although  A. 
hilliardi  is  not  common,  its  range  does  extend  into  the  proposed  Graham  Creek  Wilder¬ 
ness  area. 

The  authors  express  their  appreciation  to  the  National  Science  Foundation  for  finan¬ 
cial  support  (Grant  No.  SPI-8004098)  and  to  Dr.  John  R.  Hilliard  for  his  identification  of 
specimens. 
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(OUT?)  OF  HYDROGEN  BONDAGE:  TRANSFER  RNAS  AND  CODON  RECOGNI¬ 
TION.  Emanuel  J.  Murgola,  Department  of  Molecular  Biology,  M.D.  Anderson  Hos¬ 
pital  and  Tumor  Institute,  Houston,  TX  77030. 

The  “wobble  hypothesis”  proposed  by  Crick  in  1966  stated  possible  “rules”  for  codon 
recognition  by  transfer  RNA’s  in  terms  of  codon-anticodon  pairing  through  specific  hyd¬ 
rogen  bonds.  Although  some  of  the  experimental  data  accumulated  during  the  past  four¬ 
teen  years  are  consistent  with  the  proposal,  many  results  obtained  both  in  vitro  and  in 
vivo  indicate  that  the  specificity  of  codon  recognition  cannot  be  explained  by  the  classical 
rules  for  hydrogen  bonding  between  antiparallel  trinucleotides.  In  particular,  in  vivo  data 
obtained  in  our  laboratory  and  in  others  clearly  indicate  the  involvement  of  the  entire 
structure  of  a  tRNA,  including  base  modification  and  conformational  changes.  These 
data  suggest  to  us  that  in  studying  the  specificity  of  codon  recognition  during  protein 
synthesis,  we  must  consider  (a)  the  entire  structure  of  each  of  the  components  (tRNA, 
ribosome  and  mRNA);  (b)  the  interactions  of  these  molecules,  and  (c)  the  movement  of 
mRNA.  Therefore,  we  suggest  that  new  “rules”  for  codon  recognition  must  be  discov¬ 
ered,  if  indeed  any  exist  that  can  be  applied  uniformly  to  all  tRNA  s. 

RESCUE  OF  AN  E.  COLI  TRPC  MUTATION  BY  A  CLONED  SEGMENT  OF  DNA 
FROM  NEUROSPORA  CRASSA.  Joseph  K.  Keesey  and  John  A.  DeMoss,  Depart¬ 
ment  of  Biochemistry  and  Molecular  Biology,  University  of  Texas  Medical  School, 
Houston,  TX  77023. 

We  are  interested  in  the  domain  organization  of  the  multifunctional  anthranilate  syn¬ 
thase  complex  of  the  ascomycete,  Neurospora  crassa.  The  enzyme  has  two  subunits,  one 
of  which  performs  three  functions  (glutamine  amidotransferase,  phosphoribosyl 
anthranilate-isomerase,  and  indole  glycerol  phosphate  synthase)  in  the  tryptophan  path¬ 
way.  To  obtain  the  gene  ( trpl )  encoding  the  trifunctional  subunit  in  a  manipulatible 
form,  we  set  out  to  clone  trpl  into  E.  coli,  using  the  drug  resistance  plasmid  pBR322  as  a 
vehicle.  We  obtained  a  4.1-kilobase  insert  of  Neurospora  DNA  (N-DNA),  carried  in  the 
Pst  I  site  of  pBR322,  which  rescues  an  E.  coli  trpC  mutation  (defective  in  phosphoribosyl 
anthranilate-isomerase)  at  a  frequency  of  5500  prototrophs  per  microgram  of  input 
(plasmid)  DNA.  The  insert  rescues  trpC  regardless  of  its  orientation  in  the  hybrid  plas¬ 
mid,  which  suggests  that  transcription  of  the  Neurospora  gene  originates  within  the  N- 
DNA  insert,  rather  than  at  a  promoter  in  pBR322.  Subcloning  of  the  N-DNA  insert  into 
the  Cla  I  site  of  pBR322  showed  that  only  2.25  kb  of  the  original  insert  was  necessary  to 
supply  trpC  function.  Characterization  of  the  gene  product  encoded  by  the  N-DNA  insert 
is  currently  underway. 

A  MITOCHONDRIAL  LOCUS  IS  NECESSARY  FOR  THE  SYNTHESIS  OF  MITO¬ 
CHONDRIAL  tRNA  IN  THE  YEAST  SACCHAROMYCES  CEREVISIAE.  Nancy  C. 
Martin  and  Karen  Underbrink-Lyon,  The  University  of  Texas  at  Dallas,  P.O.  Box 
688,  Richardson,  TX  73080. 

We  have  isolated  and  analysed  the  structure  of  the  yeast  mitochondrial  tRNA  Ser  UCX 
gene  and  used  it  as  a  probe  to  detect  RNA  species  that  contain  the  tRNA  Ser  UCX 
sequences.  The  most  prominent  transcript  in  the  wild-type  cells  is  the  tRNA  itself.  Dele¬ 
tion  mutants  that  retain  this  gene,  but  have  lost  a  large  amount  of  mitochondrial  DNA, 
accumulate  high  molecular  weight  transcripts  from  this  gene,  but  do  not  make  a  tRNA 
Ser  UCX.  tRNA  synthesis  can  be  restored  by  complementation  with  another  class  of  dele¬ 
tion  mutants  that  retain  a  specific  region  of  the  mitochondrial  genome.  No  protein  syn¬ 
thesis  is  necessary  for  this  event  nor  is  it  a  nuclear  effect  since  strains  that  contain  no 
mitochondrial  DNA  do  not  complement.  Since  the  complementation  occurs  within  5 
hours  of  mating,  recombination  is  not  a  factor  and  we  conclude  that  a  mitochondrial 
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locus  which  acts  in  trans  is  necessary  for  tRNA  synthesis.  The  exact  location  of  this  locus 
and  whether  it  or  its  product  acts  at  the  level  of  transcription  or  post  transcriptional  pro¬ 
cessing  remain  to  be  elucidated. 

EFFECT  OF  RE1A  GENE  FUNCTION  ON  rRNA  GENE  ACTIVITY  IN  E.  COLl.  J. 
Ryals  and  H.  Bremer,  The  University  of  Texas  at  Dallas,  P.O.  Box  688,  Richardson, 
TX  75080. 

It  is  widely  assumed  that  guanosine  tetraphosphate  (ppGpp)  is  an  effector  for  the  con¬ 
trol  of  rRNA  and  tRNA  gene  activity.  This  idea  has  been  questioned,  however,  since  the 
effects  of  ppGpp  on  in  vitro  rRNA  synthesis  are  much  smaller  than  more  drastic  changes 
in  RNA  accumulation  that  can  be  observed  in  vivo.  Since  in  vivo  RNA  accumulation 
depends  not  only  on  rRNA  gene  activities,  but  also  on  rRNA  stability,  RNA  chain  elong¬ 
ation,  and  RNA  polymerase  activity,  we  have  measured  these  other  effects  after  changing 
ppGpp  levels  by  amino  acid  starvation.  Cultures  of  E.  coli  B/r  valS- ts,  relA~  and  relA+, 
were  starved  for  valine  by  a  temperature  shift  30-*(i)©oC.  After  the  shift,  RNA  accumula¬ 
tion  ceased  in  the  ret  strain  (increase  in  ppGpp)  but  was  stimulated  in  the  ret  strain 
(decrease  in  ppGpp),  as  previously  observed.  The  stimulation  in  the  ret  strain  was  found 
to  result  from  the  combined  increases  in  RNA  chain  elongation  rate,  RNA  polymerase 
activity,  and  rRNA  gene  activity.  The  cessation  of  RNA  accumulation  in  the  ret  strain 
was  due  to  decreased  RNA  stability,  RNA  chain  elongation,  RNA  polymerase  activity, 
and  rRNA  gene  activity.  For  either  ret  or  ret  strain,  the  starvation-induced  changes  in 
rRNA  gene  activity  depended  on  the  growth  medium,  and  did  not  exceed  a  threefold 
change.  This  extent  of  gene  control  is  similar  to  that  observed  in  vitro ;  thus  the  greater 
differences  in  RNA  accumulation  were  due  to  effects  not  directly  related  to  rRNA  gene 
control. 

TRANSCRIPTIONAL  AND  POST-TRANSCRIPTIONAL  CONTROL  OF  RIBO- 
SOMAL  PROTEIN  AND  RNA  POLYMERASE  GENES.  Robert  Little  and  Patrick  P. 
Dennis,  The  University  of  Texas  at  Dallas,  P.O.  Box  688,  Richardson,  TX  75080,  and 
Department  of  Biochemistry,  The  University  of  British  Columbia,  Vancouver,  B.C., 
Canada,  V6T  1  W5. 

A  partial  restriction  of  RNA  polymerase  activity  was  used  to  dissociate  the  coordinate 
synthesis  of  RNA  polymerase  and  ribosomal  protein  genes  in  Escherichia  coli.  Within 
the  (3  operon  [promoter  (Pp)-rplJ  (LlO)-rp lL(L7/L12)-attenuator-rpofi(/8)-rpoC()8’)]  the 
restriction  elevated  the  relative  frequency  of  transcription  initiation  at  P^g  and  relaxed 
transcription  termination  at  the  attenuator.  Together  these  selectively  increased  transcrip¬ 
tion  of  the  rpoB  and  C  genes  about  4-fold.  Transcription  of  the  operon  containing  the 
RNA  polymerase  a-subunit  gene  ( rpoA )  and  four  ribosomal  protein  genes  was  enhanced 
2-fold  whereas  transcription  of  operons  containing  only  ribosomal  protein  genes  was  vir¬ 
tually  unaffected  by  the  restriction.  These  results  demonstrated  that  the  mechanisms  con¬ 
trolling  transcription  initiation  and  attenuation  in  core  RNA  polymerase  operons  are 
coupled  to  the  general  transcriptional  activity  in  the  cell. 

By  introducing  the  composite  ColEl  plasmid  pJC701,  carrying  the  proximal  portion  of 
the  operon  including  rpoB,  it  was  possible  to  effect  an  overall  increase  of  rp\L  and 
rpoB  transcription  by  10-fold  and  30-fold  respectively.  These  results  also  demonstrated 
the  existence  of  a  post-transcriptional  control  of  ribosomal  protein  (L7/L12)  and  RNA 
polymerase  subunit  (P)  synthesis. 

THE  PHYSICAL  LIMIT  OF  SMALL  LIVING  THINGS.  Jesus  Gonzalez-Lopez  and 
Roland  Vela,  Department  of  Biological  Sciences,  North  Texas  State  University,  Den¬ 
ton,  Texas,  76203. 

It  is  part  of  microbiological  lore  that  the  smallest  bacterium  capable  of  existing  inde¬ 
pendently  in  nature  is  Serratia  marcescens.  It  is  described  in  Bergey’s  Manual  as  a  rod- 
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shaped  cell  0.4  jum  wide  by  0.6  /im  long  and,  by  using  approximations,  one  can  calculate 
a  cell  volume  of  0.076  /im3.  Bdellovibrio  bacteriovorous,  an  even  smaller  organism  with  a 
volume  of  0.030  /im3  is  said  to  be  at  the  very  limit  of  the  capacity  for  independent  life 
since  many  strains  of  these  bacteria  are  obligately  parasitic.  We  have  discovered  bacteria 
much  smaller  than  these  and  have  proven  that  they  exist  as  free-living  organisms  in  the 
soil  and  water. 

ISOLATION  OF  RAT  LIVER  NONHISTONES  THAT  INTERACT  WITH  THE  5’ 
END  OF  THE  RAT  SERUM  ALBUMIN  GENE.  J.  Sanders  Sevall,  Department  of 
Molecular  Genetics,  Wadley  Institutes  of  Molecular  Medicine,  Dallas,  TX  15235. 

We  have  probed  the  5’  end  of  the  rat  serum  albumin  gene  for  the  presence  of  high 
affinity-nonhistone  DNA  binding  sites.  The  rat  serum  albumin  gene  has  been  cloned  in 
the  lambda  phage  Charon  4A.  The  nonhistone  proteins  employed  in  these  binding  stud¬ 
ies  are  extracted  by  a  0.4M-1.0M  sodium  chloride  wash  of  isolated  rat  liver  nuclei.  Two 
dimensional  gel  analysis  indicate  a  distinct  class  of  chromosomal  proteins  are  represented 
in  this  group  of  nonhistones.  A  technique  has  been  developed  for  further  purification  of 
proteins  that  bind  to  defined  DNA  sequence.  Cloned  double-stranded  DNA  was  coval¬ 
ently  coupled  to  m-amino  benzyloximethylcellulose  in  order  to  purify  proteins  which 
recognize  and  bind  to  specific  sequences  on  the  DNA.  Purification  of  nonhistones  that 
bind  to  the  5’  end  of  the  serum  albumin  gene  has  been  carried  out. 

PROCESSING  OF  OVOMUCOID  RNA  PRECURSORS  TO  MESSENGER  RNA  IN 
THE  CHICK  OVIDUCT.  Jeffrey  L.  Nordstrom,  Ming-Jer  Tsai,  Albert  Ting  and  Bert 
W.  O’Malley  Department  of  Cell  Biology,  Baylor  College  of  Medicine,  Houston,  TX 
77030. 

The  chicken  ovomucoid  gene  has  been  cloned  and  shown  to  be  interrupted  by  seven 
intervening  sequences.  Analysis  by  “Northern  blotting’’  techniques  of  oviduct  nuclear 
RNA  reveals  the  existence  of  multiple  high  molecular  weight  species  of  RNA  that  have 
sequences  complementary  to  the  structural  and  intervening  sequences  of  the  ovomucoid 
gene.  Pulse  labeling  and  chase  experiments  in  oviduct  tissue  suspensions  indicate  that  the 
high  molecular  weight  RNAs  can  be  converted  to  a  species  that  is  indistinguishable  from 
mature  ovomucoid  mRNA.  The  data  clearly  show  that  the  high  molecular  weight  ovo¬ 
mucoid  RNAs  are  indeed  precursors  to  messenger  RNA. 

To  determine  whether  processing  of  the  RNA  precursors  occurs  in  an  ordered  or  ran¬ 
dom  fashion,  we  analyzed  the  structure  of  individual  processing  intermediates  present 
under  steady  state  conditions  in  the  chick  oviduct  by  electron  microscopy  and  by  hybridi¬ 
zation  to  probes  specific  for  different  segments  of  the  intervening  sequences.  The  results 
suggest  that  the  seven  intervening  sequence  regions  of  the  ovomucoid  primary  transcript 
are  removed  in  a  preferred,  but  not  necessarily  obligatory  order.  Analysis  of  the  turnover 
of  specific  ovomucoid  intervening  sequences  in  pulse-labeled  nuclear  RNA  confirms  the 
existence  of  the  preferred  processing  pathway. 

REGULATION  OF  DNA  REPAIR  FUNCTIONS  IN  ESCHERICHIA  COLL  David  W. 
Mount,  John  W.  Little,  Susan  Edmiston,  Hershel  Ginsberg,  Joan  Harper  and  Laura 
Pacelli,  Department  of  Microbiology,  University  of  Arizona  College  of  Medicine,  Tuc¬ 
son,  AZ  85724. 

A  number  of  E.  coli  DNA  repair  genes,  including  uvrA  and  recA,  are  regulated  by  a 
simple  repressor  mechanism.  The  repressor  is  the  product  of  lexA.  In  induction,  this 
repressor  is  destroyed  by  the  recA  protease  activity  in  a  reaction  similar  to  that  described 
for  cleavage  of  phage  lambda  repressor  by  Roberts  and  collaborators.  lexA  protein  is 
autoregulatory  and  binds  to  two  sites  at  the  start  of  the  lexA  gene  which  are  closely 
homologous  to  a  single  binding  site  at  the  start  of  recA.  In  cells  recovering  from  DNA 
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damage,  these  binding  sites  are  thought  to  allow  repression  of  recA  by  lexA  repressor 
before  lex  A  represses  itself. 

STRUCTURE  OF  SINGLE-STRANDED  PHAGE  AND  PLASMID  DNAS:  POTEN¬ 
TIAL  RELATIONS  TO  DNA  REPLICATION.  Thomas  Edlind  and  Garret  Ihler, 
Department  of  Medical  Biochemistry,  Texas  AirM  University  College  of  Medicine, 
College  Station,  77843. 

Single-stranded  phage  and  plasmid  DNAs  have  been  analyzed  by  electron  microscopy 
for  intrastrand  base  pairing,  which  functions  in  diverse  ways  such  as  regulating  transla¬ 
tion  and  specifying  processing  of  mRNA.  On  each  of  the  four  DNAs  studied  here  specific 
structures  were  observed  which  we  suggest  function  in  various  aspects  of  DNA  replica¬ 
tion.  0X174  viral  DNA  was  folded  into  a  three-lobed  structure  in  which  the  two  free  ends 
released  after  rolling  circle  replication  are  brought  close  together,  promoting  their  liga¬ 
tion  to  form  circular  0X  174  DNA.  The  plasmid  pCRl  undergoes  analogous  rolling  circle 
replication  during  conjugative  transfer  and,  similar  to  0X174,  a  loop  structure  was 
observed  which  holds  together  the  two  ends  which  must  be  ligated.  Despite  substantial 
sequence  divergence,  G4  DNA  had  a  three-lobed  structure  like  that  of  0X174,  with  the 
two  free  ends  located  in  the  same  position  relative  to  the  secondary  structure.  However, 
G4  DNA  included  one  specific  loop  structure  lacking  in  0X174,  which  would  reflect  the 
presence  on  G4  alone  of  a  unique  origin  for  complementary  strand  DNA  synthesis. 
Finally,  T7  DNA  was  bounded  by  terminal  loops  which  we  suggest  function,  in  an  as  yet 
undefined  way,  in  its  replication. 

PURIFICATION  AND  CHARACTERIZATION  OF  THE  0  SUBUNIT  OF  THE  DNA 
POLYMERASE  HOLOENZYME  OF  E.  COLI.  Kyung  O.  Johanson  and  Charles  S. 
McHenry,  Department  of  Biochemistry  and  Molecular  Biology,  The  University  of 
Texas  Medical  School,  Houston,  TX  77025. 

The  /?  subunit  of  the  DNA  polymerase  III  holoenzyme  has  been  purified  to  homoge¬ 
neity  from  E.  coh  HMS-83.  The  native  and  denatured  molecular  weights  of  /?  are  72,000 
and  37,000,  respectively.  Thus,  ft  appears  to  exist  as  a  dimer  when  in  a  state  free  of  other 
holoenzyme  components.  An  antibody  directed  specifically  against  the  (3  subunit  has  been 
prepared  and  found  to  block  the  DNA  polymerase  III  holoenzyme  catalyzed  reaction,  but 
not  reactions  which  require  only  the  core  DNA  polymerase  III.  Furthermore,  this  anti¬ 
body  completely  inhibits  the  formation  of  an  initiation  complex,  but  only  partially 
inhibits  the  subsequent  reaction  catalyzed  by  the  DNA  polymerase  III  holoenzyme.  The 
product  size  synthesized  from  the  G4  initiation  complex  in  the  presence  of  anti-/?  IgG  or 
initiation  inhibitor  N-ethylmaleimide  was  monitored  by  the  appearance  of  Hae  III  res¬ 
triction  endonuclease  sites.  It  was  full  length  product  indicating  that  the  partial  inhibi¬ 
tion  observed  was  not  due  to  the  inhibition  of  the  reinitiation  during  elongation  reac¬ 
tion.  Immunoprecipitation  studies  demonstrate  that  the  /?  subunit  forms  a  complex  with 
other  holoenzyme  components  in  solution  in  the  absence  of  DNA. 

REGULATION  OF  DNA  SYNTHESIS  BY  CYCLIC  ADENOSINE  3’,5-MONO- 
PHOSPH  ATE-MEDIATED  EVENTS  IN  PROLIFERATING  LYMPHOCYTES. 

Carolyn  A.  Michnoff  and  Ruthann  A.  Masaracchia,  Departments  of  Chemistry  and 
Biochemistry,  North  Texas  State  University /Texas  College  of  Osteopathic  Medicine, 
Denton,  TX  76203. 

Primary  cultures  of  murine  lymphosarcoma  PI 798  cells  in  RPMI  1640  medium  were 
exposed  to  epinephrine  (EPI)  and  changes  in  cyclic  AMP(cA)  accumulation,  cA- 
dependent  protein  kinase  (cA-PK)  activation,  and  DNA  synthesis  were  determined.  EPI  (1 
juM)  elevated  cA  accumulation  35-40  fold  over  basal  levels  by  3  min.  After  40  min  the  cA 
levels  remained  elevated  5-10  fold.  A  concomitant  increase  in  cA-PK  activity  was 
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observed.  Measurements  utilizing  the  synthetic  peptide  PK-1  as  substrate  indicated  that  5 
min  after  EPI  addition  the  enzyme  was  fully  activated  and  remained  fully  active  for  30 
min.  Control  cells  showed  no  significant  change  in  cA  accumulation  or  cA-PK  activa¬ 
tion.  Inhibition  of  3H-thymidine  incorporation  into  DNA  was  observed  30  min  after  EPI 
addition  and  was  maximal  by  60  min.  Suppression  of  DNA  synthesis  up  to  80%  was 
observed  as  late  as  4  hr  after  EPI.  Since  the  arachidonic  acid  metabolite  thromboxane  has 
been  implicated  in  lymphocyte  activation,  the  effects  of  indomethacin,  an  inhibitor  of 
cyclooxygenase,  on  cA-mediated  DNA  suppression  were  investigated.  Indomethacin  did 
not  significantly  change  cA  levels  in  control  or  EPI-treated  cells.  However,  suppression  of 
DNA  synthesis  was  enhanced  in  cells  treated  with  EPI  and  indomethacin.  These  data 
suggest  that  cA  and  arachidonic  acid  metabolites  may  play  important  opposing  roles  in 
regulation  of  lymphocyte  activation  and  proliferation. 

These  studies  were  supported  by  grant  NP  267  from  the  American  Cancer  Society  and 
Faculty  Research  Funds  from  T.C.O.M. 

CORRELATION  OF  THE  PHYSIOLOGICAL  EVENTS  OF  MUSCLE  CONTRAC¬ 
TION  WITH  THE  BIOCHEMICAL  ACTIVATION  OF  GLYCOGEN  METABOL¬ 
IZING  ENZYMES  FROM  PERFUSED  MUSCLE  SEGMENTS  OF  ASCARIS  SUUM. 
Manus  J.  Donahue,  Nuha  J.  Yacoub  and  Ben  G.  Harris,  Departments  of  Biological 

Sciences  and  Biochemistry ,  North  Texas  State  University /  Texas  College  of  Osteopa¬ 
thic  Medicine,  Denton,  TX  76203. 

Muscle-cuticle  segments  from  the  parasitic  roundworm  Ascaris  suum  were  perfused 
with  various  concentrations  of  acetylcholine  (ACh)  and  0-amino  butyric  acid  (GABA). 
Concentration  as  low  as  1  yuM  ACh  elicited  muscle  contraction  as  recorded  by  a  physio- 
graph  while  a  concentration  of  0.05  yuM  GABA  demonstrated  relaxation.  When  the  mus¬ 
cle  segment  was  perfused  with  50  yuM  ACh  (concentration  of  maximal  contraction)  the  Ka 
for  glucose-6-phosphate  for  glycogen  synthase  (GS)  was  shown  to  increase  from  a  control 
of  0.50  mM  to  0.95  mM.  Thus  indicating  that  the  glycogen  metabolizing  enzymes  GS  was 
less  active  during  times  of  muscle  contraction.  When  the  muscle  is  perfused  for  1  h  with 
50  yuM  ACh  a  decrease  in  the  level  of  glycogen  in  the  muscle  is  noticed  of  1.41 
yug/min/ml.  The  effects  of  several  neurotransmitters  and  various  vertebrate  and  inverte¬ 
brate  hormones  on  glycogen  metabolizing  enzymes  is  also  reported. 

(Supported  by  NIH-AI00057,  AI-12331,  NSF-BMS-14967,  F32  GM  06603-01  and  NTSU 
Organized  Research  Funds.) 

STUDIES  ON  THE  LUCIGENIN-DEPENDENT  LIGHT  EMISSION  BY  VITAMIN  K- 
DEPENDENT  CARBOXYLASE.  Louise  M.  Canfield  and  Michael  D.  Lee,  Depart¬ 
ment  of  Animal  Science,  Texas  A&M  University,  College  Station,  TX  77843  and 
Department  of  Biochemistry,  West  Virginia  University  Medical  Center,  Morgantown, 
WV  26506. 

Vitamin  K-dependent  carboxylase  catalyzes  the  post-translational  carboxylation  of  the 
y  position  of  glutamic  acid  residues  in  a  variety  of  proteins.  In  the  presence  of  lucigenin 
(bis-methylacridium  nitrate),  a  compound  which  in  the  presence  of  either  “active”  oxy¬ 
gen  or  H2O2  emits  light,  the  K  carboxylase  catalyzed  reaction  produces  chemilumines¬ 
cence.  When  measured  in  a  scintillation  spectrometer,  the  kinetics  of  light  emission  indi¬ 
cate  the  following  reaction  requirements.  First,  the  rate  of  light  emission  has  a  direct 
dependence  on  carboxylase  concentration.  Second,  the  reaction  requires  reduced  Vitamin 
K,  with  oxidized  Vitamin  K  being  unreactive.  Third,  the  rate  of  chemiluminescence 
depends  upon  both  reduced  K  and  glu  substrate  concentrations.  Fourth,  light  emission  is 
not  appreciably  affected  by  pre-treating  the  enzyme  with  CO,  a  cytochrome  P450  inhibitor. 
In  addition,  lucigenin  inhibits  the  synthesis  of  y  carboxyglutamic  acid  residues  as  mea¬ 
sured  radiochemically.  Km  values  for  reduced  Vitamin  K  are  about  equal  for  both  light 
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emission  and  carboxylation.  Collectively,  these  data  point  to  the  formation  of  a  common 
Vitamin  K  intermediate  required  for  both  light  emission  and  carboxylation. 

This  work  was  supported  by  Public  Health  Service  grant  number  1  ROl  HL25051. 

PURIFICATION  AND  REGULATORY  KINETICS  OF  PHOSPHOFRUCTOKINASE 
FROM  THE  MUSCLE  OF  ASCARIS  SUUM.  Mohammad  R.  Kaeini,  Benja  L.  Allen, 
Jane  A.  Starling  and  Ben  G.  Harris,  Department  of  Biological  Sciences  and  Biochem¬ 
istry,  North  Texas  State  University / T exas  College  of  Osteopathic  Medicine,  Denton, 
TX  76203. 

A  simple  procedure  has  been  developed  to  purify  phosphofructokinase  (PFK)  from 
Ascaris  suum,  using  DEAE  cellulose  ion  exchange  chromatography  and  affinity  chroma¬ 
tography  on  cellulose  phosphate  columns  as  the  only  two  major  purification  steps.  The 
kinetic  studies  reveal  that  ascaris  PFK  has  sigmoid  kinetics  with  respect  to  fructose-6- 
phosphate  concentration.  Unlike  mammalian  PFK,  ascaris  PFK  is  not  allosterically  inhi¬ 
bited  by  ATP  at  pH  8.0,  nor  is  it  stimulated  by  ADP,  fructose  1,6  bisphosphate  or  glu¬ 
cose  1,6  bisphosphate.  ATP  exerts  a  negative  effect  on  PFK  activity  at  pH  7.0  and  below 
pH  7.0  ascaris  PFK  activity  is  stimulated  by  AMP. 

(Supported  by  NIH-AI00057,  AI- 12331  and  NTSU  Organized  Research  Funds.  BGH  is 
a  Humboldt  Fellow.) 

EVOLUTIONARY  DIVERGENCE  OF  PLANT  MITOCHONDRIA  AND  SULFHY- 
DRYL  SENSITIVITY  OF  GRAPEFRUIT  ( CITRUS  PARADISI  MACF.)  CITRATE 
SYNTHASE.  M.  J.  Donahue,  L.  S.  Daley  and  H.  Max  Vines,  Dpeartments  of  Biologi¬ 
cal  Sciences  and  Chemistry,  North  Texas  State  University,  Denton,  TX  76203,  and 
Department  of  Horticulture,  University  of  Georgia,  Athens,  GA  30602. 

Citrate  synthase  was  isolated  from  grapefruit  mitochondria  and  partially  purified.  The 
citrate  synthase  from  this  source  was  compared  to  the  citrate  synthase  from  pig  heart 
mitochondria.  The  response  to  the  sulfhdryl  inhibitor  5,5’-dithio-bis-(2-nitrobenzoic  acid) 
(DTNB)  of  the  citrate  synthase  from  each  source  was  determined.  A  controversy  exists  on 
whether;  a)  DTNB  inhibition  of  citrate  synthase  is  a  general  property  of  the  enzyme  from 
plant  mitochondria  not  found  in  the  enzyme  from  the  mitochondria  of  Kingdoms  Ani- 
malia  or  Fungi ;  or  b)  this  characteristic  is  a  property  of  certain,  but  not  all,  plant  citrate 
synthases.  We  found  that  at  saturating  acetyl  CoA,  there  is  strong  inhibition  of  citrate 
synthase  Vmax  by  DTNB,  but  this  effect  is  not  found  with  pig  heart  citrate  synthase.  A 
study  of  the  literature  shows  that  inconsistencies  as  to  the  existence  of  this  can  be 
resolved.  We  conclude  that  DTNB  does  differentially  inhibit  citrate  synthase  from  grape¬ 
fruit,  and  that  in  a  careful  evaluation  of  the  literature  this  effect  can  be  found  with  all 
citrate  synthase  from  Kingdom  Plantae  that  were  properly  tested  and  this  is  not  found  in 
the  enzyme  from  animal  sources.  The  evolutionary  significance  and  relationship  with 
response  to  the  plant  hormone  (indole  acetic  acid)  will  be  discussed.  (Supported  by  NIH 
F32  GM  06603-02.) 

THE  CLONING  AND  IDENTIFICATION  OF  THE  PRODUCT  OF  THE  DNA£ 
GENE  OF  ESCHERICHIA  COLI.  Mary  M.  Welch  and  Charles  S.  McHenry,  Depart¬ 
ment  of  Biochemistry  and  Molecular  Biology,  The  University  of  Texas  Medical 
School,  Houston,  TX  77025. 

We  have  subcloned  the  E.  coli  dnaE  gene  from  the  John  Carbon  collection  plasmid 
pLC  26-43.  Three  succeessively  smaller  plasmids  have  been  constructed.  The  smallest 
contains  4.5  kb  of  the  E.  coli  genome  and  has  the  ability  to  rescue  dnaE  temperature 
sensitive  mutations.  By  using  the  “Maxicell”  system  of  Sancar,  Hack  and  Rupp  (J.  Bacte¬ 
rid.  (1979)  137,  692-693)  we  have  identified  at  least  one  of  the  polypeptides  encoded  by 
this  segment  of  DNA.  We  have  also  shown  the  location  of  the  region  coding  for  dnaE  by 
insertion  of  a  3.5  kb  drug  resistance  gene  into  this  plasmid. 
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INTERCONVERSION  OF  MISSENSE  AND  NONSENSE  SUPPRESSORS  DERIVED 
FROM  GLYCINE  TRANSFER  RNAs  OF  E.  COLl.  Emanuel  J.  Murgola,  Frances  T. 
Pagel,  Kathryn  A.  Hijazi  and  J.  Patrick  Condreay,  Department  of  Molecular  Biology, 
M.D.  Anderson  Hospital  and  Tumor  Institute,  Houston,  TX  77030. 

Our  laboratory  is  engaged  in  a  systematic  mutational  approach  to  the  role  of  tRNA 
structure  in  the  specificity  of  codon  recognition.  This  involves  attempting  to  obtain  all 
possible  types  of  missense  and  nonsense  suppressors  from  each  of  the  three  species  of 
glycine-accepting  tRNA  of  E.  coli.  For  suppressible  mutant  codons  we  have  relied  on 
many  well-characterized  mutations  in  trpA,  the  gene  for  the  alpha  chain  of  tryptophan 
synthetase.  Using  mainly  22  mutant  codons  corresponding  to  position  211  of  the  alpha 
chain,  we  now  have  several  suppressors  for  each  of  15  of  those  codons.  We  have  also 
begun  to  select  for  and  characterize  mutant  codons  corresponding  to  position  234.  Some 
suppressors  show  “context”  effects,  responding  to  a  given  codon  at  one  position  but  not 
at  the  other.  Recently  we  obtained  UGG  suppressors  from  all  three  glycine  tRNAs,  and 
suppressors  of  several  missense  codons  and  of  all  three  nonsense  codons  (UGA,  UAA  and 
UAG)  from  two  of  the  three  species.  In  conjunction  with  nucleotide  sequence  analysis, 
reaching  the  immediate  goal  of  obtaining  from  all  three  isoacceptors  related  families  of 
mutant  tRNAs  should  enable  us  ultimately  to  determine  precisely  which  aspects  of  tRNA 
conformation  or  base  modification  are  responsible  for  the  specificity  of  codon  recogni¬ 
tion. 

THE  CELL  CYCLE  IN  ESCHERICHIA  COLl  B/r.  H.  Bremer  and  Lily  Chuang,  The 
University  of  Texas  at  Dallas,  P.O.  Box  688,  Richardson,  73080. 

Cell  division  and  DNA  synthesis  were  measured  in  synchronous  cultures  of  E.  coli  B/r 
growing  in  glucose  minimal  medium  at  37°C.  The  kinetic  curves  were  analysed  in  order 
to  find  the  variability  of  replication  initiation,  termination,  and  cell  division  events  dur¬ 
ing  the  cell  cycle.  It  is  inferred  that  under  the  conditions  used,  cells  begin  to  divide  17 
min  (D0  =  minimum  D-period)  after  each  termination  of  chromosome  replication  with  a 
constant  probability  per  unit  of  time  (halflife  =  4.5-6  min).  This  randomness  produces  an 
asymmetric  frequency  distribution  of  D-periods,  similar  but  mirror-symmetric  frequency 
distributions  of  initiation  and  termination  periods,  a  symmetric,  non-Gaussian  distribu¬ 
tion  of  interdivision  intervals,  and  complex  (but  predictable)  kinetic  changes  in  the  rate 
of  DNA  synthesis  as  a  function  of  cell  age.  The  results  suggest  that  replication  and  div¬ 
ision  are  precisely  controlled  with  respect  to  mass  accumulation,  and  the  apparent  varia¬ 
bility  of  cell  cycle  events  would  only  result  from  the  use  of  the  time  of  cell  separation  as 
a  reference  point  for  the  definition  of  cell  age  rather  than  initiation  or  termination  of 
replication.  We  are  currently  testing  the  idea,  that  the  variable  time  period  between  repli¬ 
cation  and  division  reflects  the  presence  of  a  variable  amount  of  a  specific  cell  division 
protein  that  is  synthesized  only  during  a  short  period,  immediately  preceding  the  forma¬ 
tion  of  the  septum. 

IN  VITRO  ASSEMBLY  OF  THE  FIRST  INTERMEDIATE  OF  THE  T4  BASEPLATE 
l/6th  ARM.  Peter  B.  Berget,  Monjula  Chidambaram,  and  Mary  F.  Plishker,  Depart¬ 
ment  of  Biochemistry  and  Molecular  Biology,  University  of  Texas  Medical  School, 
Houston,  TX  77030. 

The  first  intermediate  in  T4  baseplae  l/6th  arm  assembly,  the  gene  10-gene  11  protein 
complex  P(  10/11),  has  been  previously  isolated.  We  now  report  the  development  of  assays 
and  purification  schemes  suitable  for  the  isolation  of  “assembly  naive”  precursors  to  this 
intermediate,  P10  and  Pll.  Rabbit  antibodies  were  made  against  each  of  the  component 
polypeptides  from  purified  P(  10/11).  One  serum  sample,  specific  for  the  gene  10  protein, 
was  used  in  a  serum  blocking  assay  to  detect  gene  10  protein  during  purification.  This 
protein  has  been  purified  to  homogeneity  from  T4  7~am/l l~am  infected  cells.  In  a  similar 
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fashion,  the  gene  11  protein  has  been  purified  from  T4  lOTs  infected  cells,  using  gene  11 
specific  antibaseplate  antibodies  to  detect  gene  11  protein.  Both  of  the  purified  precursors 
are  biologically  active  in  in  vitro  complementation  assays.  Furthermore,  these  precursors 
co-assemble  in  vitro  to  form  a  complex  of  gene  10  and  gene  11  proteins  indistinguishable 
from  the  in  vivo  assembled  P(  10/11).  The  in  vitro  assembly  will  continue  until  one  of  the 
precursor  proteins,  P10  or  PI  1,  is  exhausted.  Further  characterization  of  this  in  vitro 
assembly  reaction  has  shown  that  it  is  apparently  insensitive  to  salt  concentration  up  to 
1.5M  NaCl  and  occurs  at  0°C. 

THE  INTERRELATIONSHIP  OF  ARGININE  CATABOLISM  AND  PYRIMIDINE 
BIOSYNTHESIS  IN  THE  CELLULAR  SLIME  MOLD,  DICTYOSTEL1UM  DIS- 
COIDEUM .  Melinda  E.  Wales  and  James  R.  Wild,  Department  of  Biochemistry  and 
Biophysics,  Texas  AirM  University,  College  Station,  TX  77843. 

Pyrimidine  nucleotides  may  be  synthesized  de  novo  in  amoeba  of  Dictyostelium  discoi- 
deum.  However,  this  synthesis  differs  from  other  eukaryotic  microorganisms  and  fungi  in 
that  carbamoyl  phosphate  synthetase  (EC  2.7. 2. 5)  does  not  provide  the  first  biosynthetic 
step.  Instead,  carbamoyl  phosphate  is  provided  by  the  ariginine  dihydrolase  pathway  in 
which  arginine  is  deaminated  to  citrulline  and  subsequently  phosphorolyzed  to  carba¬ 
moyl  phosphate  +  ornithine.  Pyrimidine  nucleotide  biosynthesis  then  continues  through 
aspartate  transcarbamoylase  (EC  2. 1.3.2)  and  the  de  novo  pathway  to  uridine-5’- 
monophosphate.  Allosteric  regulation  occurs  at  the  first  unique  step,  arginine  deiminase 
and  aspartate  transcarbamoylase  is  not  subject  to  allosteric  control  although  it  is  devel- 
opmentally  regulated.  Upon  starvation,  axenically  grown  amoeba  begin  a  concerted  pro¬ 
gram  when  placed  on  a  solid  substratum.  Under  these  conditions  where  they  could  estab¬ 
lish  tight  cell-cell  contact,  the  specific  activity  of  the  enzyme  decreased  rapidly  until  it 
could  not  be  detected  after  8  hours. 

RAPID  ISOLATION  AND  NUCLEOTIDE  SEQUENCE  ANALYSIS  OF  NORMAL 
AND  MUTANT  GLYCINE  tRNAS  AND  THEIR  GENES.  Norman  E.  Prather, 
Emanuel  J.  Murgola,  Betsy  H.  Mims  and  Stanley  D.  Tucker,  Department  of  Molecu¬ 
lar  Biology,  M.D.  Anderson  Hospital  and  Tumor  Institute,  Houston,  TX  77030. 

Since  most  missense  suppressor  tRNAs  are  not  aminoacylated  sufficiently  to  allow  their 
isolation  by  classical  methods,  a  two-dimensional  gel  electrophoresis  system  was  deve¬ 
loped  as  a  general  preparative  procedure  for  the  purification  of  suppressor  tRNAs.  Utiliz¬ 
ing  this  procedure  in  conjunction  with  recent  sequencing  techniques  that  are  rapid  and 
applicable  to  very  small  quantities  (less  thn  1  jug)  of  RNA,  nucleotide  sequences  have 
been  determined  for  UGA-  and  UGG-suppressing  tRNAs  derived  from  glyT,  the  gene  for 
the  only  GGA/G-reading  glycine  tRNA  in  wildtype  E.  coli.  Comparisons  of  the  primary 
structures  of  these  suppressor  tRNAs  with  that  of  the  wildtype  glyT  tRNA  reveal  not 
only  nucleotide  substitutions,  but  also  differences  in  the  modification  of  certain  nucleo¬ 
tides. 

In  order  to  study  the  chromosome  organization  and  mechanisms  of  expression  of  gly¬ 
cine  tRNA  genes,  restriction  fragments  of  E.  coli  F-prime  DNAs  that  contain  those  genes 
and  neighboring  regions  are  being  isolated  for  cloning  in  an  E.  coli  vector  and  DNA 
sequence  analysis.  The  genes  are  identified  by  hybridization  to  the  appropriate  glycine 
tRNA  probe,  previously  labeled  with  32P  at  the  5’  end  by  means  of  polynucleotide  kinase. 
In  this  way,  we  determined  the  presence  of  glyW,  one  of  the  genes  for  the  GGU/C- 
reading  species  of  glycine  tRNA,  in  a  portion  of  recombinant  DNA  constructed  in 
another  laboratory  for  a  different  purpose.  The  precise  map  location  of  glyW  has  now 
been  determined  both  genetically  and  biochemically. 
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PROPERTIES  OF  HYBRID  ASPARTATE  TRANCARBAMOYLASES  FORMED 
WITH  NATIVE  SUBUNITS  FROM  DIVERGENT  BACTERIA.  Mark  S.  Shanley, 
Karen  F.  Foltermann,  James  R.  Wild,  and  Gerard  A.  O’Donovan,  Department  of  Bio¬ 
chemistry  and  Biophysics ,  Texas  A&M  University,  College  Station,  TX  77843. 

Aspartate  transcarbamoylase  (ATCase)  from  Escherichia  coli  is  composed  of  six  regula¬ 
tory  (r)  and  six  catalytic  (c)  subunits  with  an  architectural  arrangement  described  as  a 
2(c3):3(r2)  oligomer.  The  allosteric  regulation  of  the  enzyme  from  E.  coli  is  mediated  by 
conformational  changes  in  the  bonding  at  one  or  more  of  the  intermolecular  domains 
formed  by  the  interaction  of  its  constituent  polypeptides.  We  have  developed  the  ability 
to  produce  intergeneric  hybrid  ATCases  from  bacterial  sources  that  possess  unique 
domains  of  bonding.  The  ATCase  of  Serratia  marcescens  which  exhibits  unique  regula¬ 
tory  and  kinetic  characteristics,  was  dissociated  into  subunits.  Hybrid  enzymes  with  cata¬ 
lytic  subunits  from  one  organism  and  regulatory  and  subunits  from  the  other  were 
formed  as  demonstrated  by  the  molecular  weight,  the  re-establishment  of  catalytic  res¬ 
traint,  and  the  recovery  of  cooperative,  homotropic  response.  The  hybrids  formed  are  of 
special  importance  since  ATCase  from  E.  coli  is  inhibited  by  CTP  and  activated  by  ATP 
while  ATCase  from  Serratia  is  activated  by  both  nucleotides.  Kinetic  analysis  of  the 
hybrids  indicates  that  the  regulatory  and  catalytic  properties  are  uniquely  determined  by 
the  heterologous  composition  of  the  subunits. 

This  work  was  supported  by  a  grant  from  the  National  Science  Foundation,  PCM— 802 
1983. 

PROTEIN  TURNOVER:  RECENT  ADVANCES  AND  THE  POSSIBLE  ROLE  OF 
PROTEIN  CONFORMATIONAL  STABILITY.  C.  Nick  Pace,  Department  of  Bio¬ 
chemistry  and  Biophysics,  Texas  A&M  University,  College  Station,  TX  77843. 

The  regulation  of  enzyme  levels  is  one  important  means  of  metabolic  control.  Key  reg¬ 
ulatory  enzymes  have  short  half-lives,  allowing  their  concentrations  to  be  adjusted  rapidly 
in  response  to  changing  conditions.  Enzyme  concentrations  depend  on  rates  of  synthesis 
and  degradation.  Small  changes  in  degradation  rates  can  cause  sizeable  changes  in  steady- 
state  levels  of  an  enzyme.  The  mechanism  and  control  of  intracellular  protein  degrada¬ 
tion  is  not  well  understood,  but  there  is  evidence  that  protein  unfolding  may  be  impor¬ 
tant.  Under  physiological  conditions,  the  native,  globular  conformation  of  an  enzyme  is 
from  5  to  15  kcal/mole  more  stable  than  various  unfolded  conformations.  We  discuss  the 
possibility  that  this  remarkably  low  conformational  stability  may  be  important  in  the 
regulation  of  metabolic  pathways.  We  also  show  that  the  increased  stability  of  an  enzyme 
in  the  presence  of  its  substrate,  coenzyme,  or  any  small  molecule  that  it  binds,  specifically 
results  because  binding  to  the  native  state  shifts  the  unfolding  equilibrium  and  decreases 
the  concentration  of  unfolded  states  of  the  enzyme. 

The  finding  that  ubiquitin,  a  protein  found  in  all  living  cells,  participates  catalytically 
in  the  proteolytic  degradation  of  proteins  may  be  a  breakthrough  of  paramount  impor¬ 
tance.  This  research  and  other  recent  advances  in  our  understanding  of  protein  turnover 
will  be  reviewed. 

This  work  was  supported  by  NIH  grant  191122. 

A  MECHANISM  FOR  THE  ACCUMULATION  OF  ABNORMAL  PROTEINS  DUR¬ 
ING  AGING.  R.  W.  Gracy,  P.  M.  Yuan  and  J.  M.  Talent,  Department  of  Biochemis¬ 
try,  North  Texas  State  University  /Texas  College  Osteopathic  Medicine,  Denton,  TX 
76203. 

During  aging  of  cells  in  tissue  culture  and  in  animals  it  has  been  observed  that  elec- 
trophoretically  abnormal  forms  of  many  proteins  appear.  In  most  cases  the  “aging 
forms”  of  the  proteins  appear  to  be  more  acidic  than  their  “normal”  counterparts.  These 
“abnormal”  forms  have  been  suggested  to  interfere  with  normal  metabolism.  Several  the- 
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ories  have  been  presented  as  to  the  basis  of  these  abberant  forms,  but  none  have  been 
established  at  the  molecular  level.  We  have  studied  the  changes  in  triosephosphate  isome- 
rase  (TPI)  which  occur  during  aging.  Four  acidic  subforms  of  human  TPI  appear  in 
aging  erythrocytes  and  eye-lens.  These  acidic  isozymes  are  not  only  found  in  vivo  but  can 
be  generated  in  vitro  from  the  pure  enzyme.  The  subforms  are  the  result  of  the  spontane¬ 
ous  deamidation  of  two  specific  asparagines  (Asn-15  and  Asn-71)  which  lie  in  the  subunit 
contact  sites  of  the  dimeric  enzyme.  The  deamidations  result  in  introducing  four  new 
negative  charges  in  the  contact  site  which  result  in  the  dissociation  of  the  enzyme  and 
increasing  its  susceptibility  to  proteolysis.  It  appears  that  these  specific  deamidations  are 
the  first  step  in  the  normal  catabolism  of  the  enzyme.  In  most  tissues  the  deamidated 
intermediates  are  found  only  in  low  steady-state  levels  because  of  the  rapid  proteolysis  of 
the  dissociated  enzyme.  An  age-related  defect  in  proteolysis  could  account  for  the  accumu¬ 
lation  of  these  “normal”  catabolic  intermediates  of  TPI  and  other  proteins.  A  general 
mechanism  for  the  accumulation  of  abnormal  proteins  in  aging  is  proposed. 

STRUCTURAL  ORGANIZATION  OF  THE  pyrB  GENE  LOCI  IN  ESCHERICHIA 
COLI.  J.  R.  Wild,  K.  F.  Foltermann,  W.  D.  Roff,  and  G.  A.  O’Donovan,  Department 
of  Biochemistry  and  Biophysics,  Texas  A&M  University,  College  Station,  TX  77843. 

The  two  polypeptide  chains  which  comprise  aspartate  transcarbamoylase  in  Escheri¬ 
chia  coli  are  encoded  by  adjacent  cistrons  expressed  in  the  order,  promoter-operator- 
catalytic  cistron-regulatory  cistron  (p  o  pyrBc  pyrBr).  These  cistrons  have  been  cloned 
into  plasmid  pBR322  and  are  encoded  by  a  2800  bp  fragment  (the  minimum  coding 
requirement  for  catalytic  and  regulatory  polypeptides  is  about  1500  bp  plus  control 
regions).  The  cloned  fragment  contains  the  operator-promoter  region  since  repression 
and  derepression  can  be  achieved  by  manipulating  the  endogenous  uridine  nucleotide 
pools.  Deletion  of  the  regulatory  cistron  did  not  impair  the  expression  of  the  catalytic 
subunit.  As  expected,  the  catalytic  trimer  has  no  effector  response  nor  does  it  exhibit 
homotropic  kinetics  for  aspartate.  Insertion  of  Mu  into  the  structural  region  of  pyrBc  has 
a  negative  pleiotropic  effect  on  the  expression  of  pyrBr.  These  data  support  the  idea  of  a 
single  bicistronic  operon  encoding  the  catalytic  and  regulatory  polypeptide  chains  of 
aspartate  transcarbamoylase. 

This  work  was  supported  by  a  grant  from  the  National  Institute  of  General  Medical 
Sciences,  1  ROl  GM29152-01 

IDENTIFICATION  AND  CHARACTERIZATION  OF  THE  F-PILIN  SUBUNIT  POOL 
IN  THE  MEMBRANE  OF  E.  COLI  CELLS  HARBOURING  THE  CONJUGATIVE 
PLASMID  F.  Deanna  Moore,  Blair  Sowa,  and  Karin  Ippen-Ihler,  Department  of  Med¬ 
ical  Microbiology  and  Immunology,  Texas  A&M  University,  College  Station,  TX 
77483. 

SDS-PAGE  analysis  of  35S-methionine  labelled  membrane  proteins  has  revealed  the 
presence  of  four  previously  unidentified  F  specific  proteins.  Examination  of  a  membrane 
preparation  of  an  Ytra]  mutant  shows  that  all  are  transfer  operon  products.  A  band 
migrating  at  an  apparant  molecular  weight  of  7000  daltons  has  been  identified  as  F-pilin. 
It  is  present  in  the  membrane  as  a  substantial  pool  of  protein  containing  4-5%  of  the 
radioactive  label.  The  protein  could  be  extracted  from  whole  membrane  preparations 
with  Triton-X-100  and  was  found  in  the  inner  membrane  fraction  of  membranes  separ¬ 
ated  on  the  basis  of  density.  Analysis  of  F  tra  amber  mutants  showed  that  synthesis  of 
traj  and  traA  product  is  necessary  for  the  appearance  of  the  pilin  subunits  in  the  mem¬ 
brane.  Mutations  in  other  genes  required  for  F-pilus  expression  did  not  affect  the  appear¬ 
ance  of  the  pilin  pool.  Therefore  these  gene  products  are  probably  involved  in  pilus 
assembly.  Analysis  of  deletion  mutants  showed  that  elimination  of  the  region  mapping 
between  traF  and  traH  resulted  in  loss  of  the  membrane  pilin  pool.  This  identified  a  new 
tra  operon  cistron:  traQ. 
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A  100,000  dalton  F-specific  membrane  protein  was  identified  as  the  product  of  traQ.  A 
23,500  dalton  protein  co-migrated  with  ptraj . 

DIFFERENTIAL  EFFECTS  OF  3-ISOBUTYL- 1-METHYLXANTHINE  ON  NORMAL 
AND  TRANSFORMED  MAMMALIAN  CELLS.  Michael  B.  Openshaw,  Patricia 
Wisiackas,  Paul  Arrambide  and  Young  C.  Chen,  Department  of  Biological  Sciences, 
North  Texas  State  University,  Denton,  TX  76203. 

The  phosphodiesterase  inhibitor,  3-Isobutyl- 1-Methylxanthine  (MIX)  was  used  at  vary¬ 
ing  concentrations  on  temperature-sensitive  transformants  of  the  NRK  fibroblasts  grown 
at  permissive  and  nonpermissive  temperatures.  A  differential  effect  on  hexokinase  activity 
was  noted  in  the  normal  and  transformed  cells  and  the  intracellular  concentrations  of 
metabolites  of  the  glucose  analog  2-deoxyglucose,  were  measured  to  study  this  effect. 

This  work  was  supported  by  NTSU  Faculty  Research  Grants  Nos.  34679  and  34670. 

WHAT  MAKES  A  HEAD  A  HEAD?  OR  ANALYSIS  OF  A  CYTOPLASMIC  DETER¬ 
MINANT  IN  AN  INSECT  EMBRYO.  Klaus  Kalthoff,  Department  of  Zoology,  The 
University  of  Texas,  Austin,  TX  78712. 

The  specification  of  the  body  pattern  during  embryogenesis  is  under  control  of  cyto¬ 
plasmic  determinants  which  trigger  differential  gene  expression  in  a  spatial  order.  In  dip- 
terans,  the  development  of  head  and  thorax  requires  the  activity  of  “anterior  determi¬ 
nants”;  inactivation  of  these  components  results  in  the  development  of  the  specific 
pattern  aberration  “double  abdomen”.  Head  and  thorax  are  then  replaced  by  a  mirror 
image  duplication  of  the  abdomen.  Our  data  indicate  that  RNP  particles  in  the  cyto¬ 
plasmic  matrix  of  the  egg  function  as  anterior  determinants.  They  can  be  inactivated  by 
local  application  of  RNase  or  UV  radiation.  The  molecular  effects  of  UV  include  the 
formation  of  pyrimidine  dimers  in  the  RNA  of  the  embryos.  Exposure  to  visible  light 
after  UV  causes  both  the  disappearance  of  the  dimers  from  RNA  (including  mRNA),  and 
reprogramming  of  the  embryos  for  normal  development.  At  the  level  of  protein  synthesis, 
we  have  identified  “indicator  proteins”.  They  foretell  the  development  of  either  head  and 
thorax  or  abdomen  during  blastoderm  formation,  i.e.  before  the  emergence  of  the  germ 
anlage,  or  even  before  cellularization. 

References:  Kalthoff,  K.  (1979)  In:  Determinants  of  Spatial  Organization  (Eds.  Subtelny, 
S.  and  I.  R.  Konigsberg),  Acad.  Press,  New  York,  pp.  97-126. 

Jackie,  H.  and  K.  Kalthoff  (1980)  Photochem.  Photobiol.  (in  press) 

Jackie,  H.  and  K.  Kalthoff  (1980)  Proc.  Nat.  Acad.  Sci.  USA  (in  press) 

AMPLIFICATION  OF  PHOSPHATIDYLSERINE  SYNTHASE  IN  E.  COLL  Akinori 
Ohta,  Karen  Waggoner,  Kathryn  Louie,  and  William  Dowhan.  Department  of  Bio¬ 
chemistry  and  Molecular  Biology,  University  of  Texas  Medical  School,  Houston,  TX 
77025. 

Phosphatidylserine  synthase  of  E.  coli  catalyzes  the  first  committed  step  in  the  synthesis 
of  phosphatidylethanolamine,  the  major  phospholipid  of  this  organism.  This  implicates 
a  possible  involvement  of  this  enzyme  in  the  control  of  phospholipid  metabolism.  By 
undertaking  physical  as  well  as  chemical  studies,  information  could  be  obtained  that  may 
enable  one  to  better  understand  what  role  if  any  phosphatidylserine  synthase  may  play  in 
control  of  lipid  metabolism.  However  these  studies  would  require  large  amounts  of  puri¬ 
fied  enzyme. 

The  construction  of  a  hybrid  plasmid  containing  the  structural  gene  for  the  synthase 
has  allowed  the  induction  of  this  enzyme  to  levels  in  excess  of  100-fold  over  that  in  wild 
type  cells.  The  enzyme  from  such  high  overproducing  cells  has  been  purified  to  near 
homogeneity  and  appears  to  be  identical  to  enzyme  isolated  from  wild  type  cells  with 
respect  to  specific  activity  and  minimum  molecular  weight.  The  level  of  active  gene  pro- 
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duct  in  these  overproducing  cells  is  found  to  be  directly  proportional  to  gene  dosage.  In 
addition  amplification  of  phosphatidylserine  synthase  activity  has  no  effect  on  the  lipid 
composition  of  these  E.  coli  strains,  although  it  does  cause  an  increase  in  the  relative  rate 
of  synthesis  of  phosphatidylethanolamine  when  compared  to  phosphatidylglycerol  in 
vivo. 

CHANGES  IN  THE  MICROFILAMENT-CONTAINING  CYTOSKELETON  FOL¬ 
LOWING  TREATMENT  OF  CULTURED  Y-l  MOUSE  ADRENAL  TUMOR 
CELLS  WITH  ACTH.  J.  Mrotek,  W.  Rainey,  T.  Sawada  and  R.  Lynch,  The  Biology 
Department  and  the  Genetics  and  Aging  Center,  North  Texas  State  University,  Den¬ 
ton,  TX  76203. 

Morphological  changes  occurring  in  cultured  adrenal  cells  were  compared  in  control 
and  ACTH  treated  cells  using  light  and  scanning  electron  microscopy  (SEM).  The  cyto- 
skeleton  of  cells  treated  in  a  similar  manner  was  examined  using  light,  scanning  and 
transmission  electron  microscopy  following  solubilization  with  Triton  X-100.  When  con¬ 
trol  cells  were  examined  with  light  or  SEM  they  appeared  to  have  a  flattened,  polygonal 
shape  with  an  average  diameter  of  approximately  20jum.  After  these  cells  were  digested 
with  Triton  detergent  only  a  nuclear  area,  small  globular  structures  and  a  randomly 
arranged  lattice-work  of  thin  and  intermediate  filaments  remained.  Following  treatment 
with  ACTH  cultured  adrenal  cells  were  observed  to  “round-up”.  A  “rounded-up”  cell 
consists  of  a  compact,  centralized,  elevated  dome  with  delicate  filopodia  radiating  away 
from  the  dome  and  connecting  to  the  growth  substrate.  The  cytoskeleton  produced  from 
stimulated  cells  was  arranged  in  a  pattern  different  from  controls.  Numerous  stress  fibers 
consisting  mainly  of  thin  and  intermediate  filaments  radiated  away  from  the  nuclear 
area,  their  arrangement  was  similar  to  that  of  the  filopodia  in  undigested  cells.  In  addi¬ 
tion  a  mesh  of  thin  and  thick  filaments  could  be  seen  closer  to  and  surrounding  the 
nucleus;  in  scanning  micrographs  several  small  globular  structures  were  observed 
imbedded  in  the  mesh.  The  mitochondria  and  the  smooth  endoplasmic  reitculum  are 
subcellular  structures  containing  the  enzymes  of  the  steroidogenic  pathway  in  all  steroid 
producing  cells.  Since  steroid  secretion  was  considerably  increased  in  these  cells  at  the 
same  time  as  they  “rounded-up”,  we  postulate  that  the  microfilament  rearrangements 
occurring  during  “rounding-up”  are  involved  in  bringing  these  organelles  together. 
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COLOSTRAL  CELLS:  IGA  RELEASE  INDUCED  DURING  PHAGOCYTOSIS.  E.  A. 
Weaver,  A.  S.  Goldman,  R.  M.  Goldblum  and  C.  P.  Davis,  Departments  of  Microbiol¬ 
ogy  and  Pediatrics,  University  of  Texas  Medical  Branch,  Galveston,  TX. 

Human  milk  leukocytes  contain  large  amounts  of  IgA  and  other  proteins.  During  pro¬ 
longed  incubation  in  vitro ,  IgA  is  released.  To  examine  the  potential  role  of  this  process 
in  delivering  these  proteins  to  the  recipient  infant,  the  effect  of  phagocytosis  on  the 
release  of  IgA  from  colostral  leukocytes  was  investigated.  Washed  leukocytes  were  incu¬ 
bated  with  live  Escherichia  coli  or  heat-killed  Candida  albicans  in  the  presence  or 
absence  of  serum  or  colostral  opsonins.  Phagocytosis  was  quantitated  microscopically. 
Controls  were  incubated  without  particles.  After  15,  30  or  60  minutes,  cells  and  supernat¬ 
ants  were  recovered  and  assayed  for  total  IgA  and  SIgA  by  quantitative  immunofluores¬ 
cence.  IgA  release  (approximately  40%)  was  enhanced  in  cells  exposed  to  opsonized  organ¬ 
isms,  as  compared  to  preparations  containing  no  particles.  A  decrease  in  the  IgA  level  in 
the  cell  lysates  was  paralleled  by  an  increase  in  IgA  in  the  supernatant  fluids  from  the 
cell  preparations.  The  enhanced  release  was  evident  within  15  minutes.  In  contrast,  little 
release  or  phagocytosis  occurred  with  unopsonized  organisms.  Cells  incubated  with 
opsonized  organisms  at  4°  C  did  not  release  IgA  until  warmed.  Enhanced  release  of  IgA 
by  colostral  leukocytes  during  phagocytosis  may  be  part  of  a  mechanism  to  deliver  IgA 
antibodies  to  the  infant. 

DETECTION  OF  MYCOPLASMA  PNEUMONIAE  PROTEINS  WHICH  SELEC¬ 
TIVELY  BIND  TO  HOST  CELLS.  Duncan  C.  Krause  and  Joel  B.  Baseman,  Univer¬ 
sity  of  Texas  Health  Science  Center,  San  Antonio,  TX. 

Host  cell-binding  proteins  of  Mycoplasma  pneumoniae  wre  identified  by  incubating 
l25I-labeled,  detergent-solubilized  M.  pneumoniae  preparations  with  glutaraldehyde-fixed 
hamster  trachea  epithelial  (HTE)  cells.  The  avidly  bound  fraction  was  eluted  and  ana¬ 
lyzed  by  sodium  dodecylsulfate-polyacrylamide  gel  electrophoresis  and  autoradiography. 
We  detected  a  total  of  six  mycoplasma  proteins,  ranging  in  molecular  weight  from  60,000 
to  165,000,  which  bound  to  HTE  cells.  Three  of  the  proteins,  designated  PI,  P2,  and 
HMW  3  (molecular  weights  165,000;  110,000;  and  140,000,  respectively),  have  been  pre¬ 
viously  associated  with  mycoplasma  adherence.  In  the  presence  of  unlabeled  mycoplasma 
preparations,  binding  of  labeled  PI,  P2,  HMW  3,  and  a  135,000  mol  wt  protein,  was 
competitively  inhibited.  The  extent  of  competition  was  directly  proportional  to  the  con¬ 
centration  of  unlabeled  material  added.  Binding  of  these  four  proteins  was  also  reduced 
by  trypsin  pre-treatment  of  labeled  mycoplasmas  prior  to  solubilization.  These  data  are 
suggestive  of  interactions  involving  M.  pneumoniae  surface  ligands  and  a  finite  number 
of  receptors  on  respiratory  epithelial  cells. 

EFFECT  OF  POKEWEED  ANTIVIRAL  PROTEIN  ON  MACROMOLECULAR  SYN¬ 
THESIS  IN  HERPES  SIMPLEX  VIRUS  TYPE  I  INFECTED  CELLS.  G.  J.  Teltow, 
J.  D.  Irvin  and  G.  M.  Aron,  Southwest  Texas  State  University ,  San  Marcos,  TX. 

Pretreatment  of  herpes  simplex  virus  type  1  (HSV-1)  infected  cells  with  the  pokeweed 
(Phytolacca  americana)  antiviral  protein  (PAP)  resulted  in  the  reduction  of  total  and 
extracellular  virus  yields  by  90  and  99%  respectively.  This  result  indicates  that  PAP  inhib¬ 
its  both  the  synthesis  and  release  of  infectious  virus.  Density  gradient  analysis  of  DNA 
from  PAP-treated,  infected  cells  showed  a  90%  reduction  in  the  incorporation  of  3H- 
thymidine  into  HSV  DNA.  PAP  did  not  inhibit  either  HSV  DNA  polymerase  activity  or 
DNA  synthesis  in  vitro.  Analyses  of  PAGE  profiles  from  PAP-treated,  infected  cells 
revealed  that  the  synthesis  of  early  and  late  viral  proteins  was  reduced  by  approximately 
30  and  70%,  respectively.  The  results  indicte  that  the  antiviral  action  of  PAP  results  in  the 
specific  inhibition  of  HSV  DNA  synthesis.  This  may  be  the  result  of  a  selective  inhibi- 
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tion  by  PAP  upon  the  synthesis  of  a  few  specific  HSV  proteins  required  for  efficient  viral 
DNA  synthesis. 

STUDIES  ON  MEMBRANE  AND  WALL  TEICHOIC  ACIDS  ASSOCIATED  WITH 
VIRULENT  AND  AVIRULENT  SEROTYPE  III  STRAINS  OF  GROUP  B  STREP¬ 
TOCOCCI.  T.  J.  Nealon,  T.  I.  Doran  and  S.  J.  Mattingly,  Department  of  Microbiol¬ 
ogy,  The  University  of  Texas  Health  Science  Center  at  San  Antonio,  San  Antonio, 
TX. 

Cell  surface  and  extracellular  teichoic  acids  were  obtained  from  a  late  exponential 
phase  culture  of  a  virulent  and  avirulent  strain  of  type  III  group  B  streptococcus  grown 
in  a  chemically  defined  medium  containing  [3H]  glycerol  and  [14C]  acetate.  Cell  pellets 
were  extracted  with  90%  aqueous  phenol  followed  by  chloroformmethanol  and  subjected 
to  DEAE-Sephacel  anion-exchange  chromatography.  Two  major  peaks  were  obtained 
with  glycerol  and  organic  phosphate  present  in  a  1:1  molar  ratio  indicating  the  presence 
of  teichoic  acids.  Saponification  of  pooled  material  indicated  [I4C]  acetate  was  incol\po- 
rated  into  fatty  acids  in  one  peak  suggesting  the  presence  of  cell  surface  lipoteichoic 
acids.  The  second  peak  lacked  fatty  acids  suggesting  this  material  was  wall  teichoic  acids. 
The  culture  supernatants  were  also  examined  to  determine  the  concentrations  and  types 
of  extracellular  teichoic  acids.  The  virulent  streptococcus  strain  contained  three  times 
more  lipoteichoic  acid  and  teichoic  acid  on  its  cell  surface  and  released  five  times  more 
material  than  the  avirulent  streptococcus  strain.  These  data  indicate  that  the  virulent 
strain  synthesized  considerably  more  lipoteichoic  acid  and  teichoic  acid  which  might 
enhance  its  binding  to  epithelial  cell  surfaces. 

DNA:  DNA  HOMOLOGY  BETWEEN  HAEMOPHILUS  SOMNUS  AND  A  FEW 
SELECT  MEMBERS  OF  THE  GENERA  HAEMOPHILUS,  PASTEURELLA, 
ESCHERICHIA ,  AND  MICROCOCCUS.  H.  F.  Gonzalez,  Department  of  Surgery, 
Texas  Tech  University  School  of  Medicine,  Amarillo,  Texas,  and  D.  P.  Bingham, 
Department  of  Biology,  West  Texas  State  University,  Canyon,  TX. 

To  determine  the  degree  of  homology  between  deoxyribonucleic  acid  (DNA)  from 
Haemophilus  somnus  and  DNA  from  a  few  select  members  of  the  genera  Haemophilus, 
Pasteurella,  Escherichia,  and  Micrococcus,  the  DNAs  were  extracted  using  a  modification 
of  Marmur’s  technique  (1961)  and  hybridized  by  the  nitrocellulose  membrane-filter  tech¬ 
nique  (Denhardt,  1966).  Such  hybridization  tests  indicated  that  H.  somnus  DNA  has  a 
26%,  30%,  and  9.5%  homology  with  the  DNAs  from  H.  influenzae,  H.  parainfluenzae ,  and 
H.  parahaemoliticus,  respectively.  These  percent  homology  values  indicate  that  H.  som¬ 
nus  is  moderately  related  to  two  of  the  Haemophilus  microorganisms  tested.  H.  somnus 
showed  no  genetic  relatedness  with  the  representatives  of  the  genera  Pasteurella,  Escheri¬ 
chia,  and  Micrococcus  by  the  methodology  used  in  this  research. 

ASCORBIC  ACID  DEFICIENCY,  PHAGOCYTOSIS,  AND  KILLING  OF  ACTINO¬ 
MYCES  VISCOSUS.  W.  J.  Masin,  M.  C.  Goldschmidt  and  L.  R.  Brown,  Dental 
Science  Institute,  University  of  Texas  Health  Science  Center,  Houston,  TX. 

Ascorbic  acid  kills  in  vitro  several  Actinomyces  species  implicated  in  periodontal  dis¬ 
ease.  Since  leukocytes  contain  relatively  large  amounts  of  ascorbic  acid  compared  to  other 
tissues,  this  study  investigated  the  ability  of  polymorphonuclear  neutrophils  (PMN)  and 
and  macrophages  from  normal  and  scorbutic  guinea  pigs  to  phagocytize  and  kill  A.  vis- 
cosus.  Normal  guinea  pigs  and  those  on  an  ascorbic  acid-deficient  diet  for  different  time 
periods  were  injected  i.p.  with  IgG-Free  horse  serum.  48  h  later,  peritoneal  leukocytes 
were  collected  and  washed  in  Hank’s  solution,  then  incubated  with  washed,  18  h  cultures 
of  A.  viscosus  on  microscope  slides  for  45  min  at  37°C  in  10%  CC>2-90%  air.  A  10%  acri¬ 
dine  orange  in  Gey’s  solution,  pH  7.2,  was  added  and  the  slides  incubated  in  the  dark  for 
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15  min.  Nuclear  material  of  viable  leukocytes  and  bacteria  stained  green,  dying  ones  yel¬ 
low  to  orange,  and  the  dead  ones  red.  Although  no  difference  in  phagocytosis  was  noted, 
the  PMN  and  macrophages  from  normal  guinea  pigs  killed  77%  of  ingested  bacteria 
while  those  from  scorbutic  guinea  pigs  killed  only  12%.  Normal  guinea  pig  leukocyte 
degranulation  resulted  in  an  effective  kill  of  extracellular  A.  viscosus  while  that  of  scor¬ 
butic  guinea  pig  leukocytes  was  ineffective.  Many  abnormal  leukocytes  were  observed  in 
the  scorbutic  guinea  pigs,  but  were  not  used  in  determining  phagocytosis  or  killing  abil¬ 
ity.  The  addition  of  ascorbic  acid  to  the  diet  of  scorbutic  guiena  pigs  reversed  scorbutic 
guinea  pig  leukocytic  abnormalities.  Subclinical  scorbutic  guinea  pigs  were  intermediate 
in  their  reactions.  Acridine  orange  is  a  very  useful  tool  in  assessing  phagocytic  function 
and  viability.  Ascorbic  acid  is  important  in  maintaining  healthy  and  effective  killing,  and 
affected  intra-  and  extracellular  killing  rather  than  the  degree  of  phagocytosis. 

Supported,  in  part,  by  the  Armed  Forces  Institute  of  Technology,  Wright  Patterson 
AFB,  Ohio. 

A  HOST-RANGE  VARIANT  OF  AUTOGRAPHA  CALIFORNIA  NUCLEAR 
POLYHEDROSIS  VIRUS:  CHARACTERIZATION  OF  GROWTH  KINETICS  AND 
DNA  STRUCTURE.  Deann  M.  Gerwig  and  S.  L.  Bilimoria,  Department  of  Biologi¬ 
cal  Sciences,  Texas  Tech  University,  Lubbock,  TX. 

Baculoviruses  are  large,  enveloped,  rod-shaped  viruses  which  have  circular  double- 
stranded  DNA  genomes.  The  viruses  have  good  potential  for  biological  control  of  agri¬ 
cultural  pests  and  disease  vectors  and  are  being  considered  for  use  as  cloning  vectors  in 
eucaryotic  systems. 

We  hope  to  elucidate  the  biochemical  basis  of  baculovirus  host-range  and  virulence. 
This  paper  describes  some  properties  of  a  host-range  variant  of  Autographa  californica 
nuclear  polyhedrosis  virus  (Ac  NPV).  The  new  strain,  designated  AC  NPV  Gl,  or  Gl, 
grows  permissively  in  the  cabbage  looper,  ( Trichoplusia  ni)  cell  line  TN-368,  and  only 
semi-permissively  in  the  fall  armyworm  ( Spondoptera  frugiperda)  cell  line  1PLB-SF- 
21AE.  The  type  virus  strain  (AcNPV  LI)  grew  permissively  in  both  cell  lines.  Compara¬ 
tive  growth  kinetic  studies  revealed  that  there  was  a  50%  reduction  in  the  levels  of  both 
released  and  cell-associated  non-occluded  virions  (NOVs)  as  well  as  intranuclear  occluded 
virions.  This  suggests  that  the  block  causing  semi-permissive  infection  must  occur  prior 
to  the  assembly  of  NOVs  and  not  at  the  levels  of  occlusion  or  NOV  release.  The  differen¬ 
tial  rates  of  LI  and  Gl  virus  growth  appear  to  be  dependent  on  the  multiplicity  of  infec¬ 
tion  in  that  this  effect  is  less  pronounced  when  high  levels  of  virus  inocula  are  used.  The 
Gl  virus  has  300-fold  lower  plaquing  efficiency  in  the  armyworm  cells  than  in  cabbage 
looper  cells.  Temperature  sensitivity  tests  conducted  for  Gl  replication  in  cabbage  looper 
cells  show  that  there  is  a  90%  reduction  of  virus  growth  at  33°C  compared  to  the  permis¬ 
sive  temperature  (28°C).  The  LI  and  Gl  strains  have  a  sequence  divergence  of  7%  as  esti¬ 
mated  from  restriction  endonuclease  profiles  of  viral  DNAs  by  the  method  of  Upholt. 
The  Gl  strain  of  Ac  NPV  appears  to  be  a  temperature-sensitive  as  well  as  a  host-range 
variant  of  Ac  NPV  LI  and  is  somewhat  reminescent  of  the  B-  and  N-  tropic  strains  Ret¬ 
roviruses. 

This  work  was  supported  by  grants  from  the  Vegetable  Research  Program,  School  of 
Agriculture,  Texas  Tech  University;  and  the  Biomedical  Research  Support  Program, 
NIH. 

CLINICAL  CORRELATION  OF  TEICHOIC  ACID  ANTIBODIES  WITH  INVASIVE 
STAPHYLOCOCCUS  AUREUS  DISEASE  AS  DETERMINED  BY  TWO  DIFFER¬ 
ENT  ANTIGENIC  PREPARATIONS.  F.  E.  Conley,  K.  J.  Johnson,  R.  A.  Nemitz, 
and  D.  L.  Cahall,  University  of  Texas  Medical  School,  Houston,  TX. 

Detection  of  teichoic  acid  antibodies  (TAA)  was  studied  over  a  2  year  period  involving 
100  patients  with  bacteremia  and/or  clinically  significant  local  infections  caused  by  S. 
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aureus.  Ouchterlony  gels  utilizing  a  cell  wall  sonicate  revealed  that  less  than  5%  of  nor¬ 
mal  control  population  had  TAA.  In  the  patient  population  TAA  was  detected  in  32%  of 
the  cases  by  gel  immunodiffusion  (gel  ID).  Counterimmunoelectrophoresis  (CIE)  studies 
revealed  that  the  cell  wall  sonicate  contained  too  many  cell  wall  antigens  for  TAA  deter¬ 
mination  but  that  teichoic  acid  purified  from  a  water  extract  of  the  Lafferty  strain  could 
be  effectively  used.  CIE  determinations  using  purified  teichoic  acid  revealed  that  98%  of 
the  uninfected  population  had  no  TAA  or  antibody  at  a  dilution  of  1:3  or  less.  63%  of  the 
S.  aureus  infected  group  had  TAA  detectable  by  CIE  with  37%  demonstrating  a  serum 
titer  of  1:4  or  greater.  Clinical  histories  revealed  that  100%  of  patients  with  S.  aureus 
endocarditis  demonstrated  TAA  by  gel  ID  and  by  CIE  (1:4  dilution  of  serum).  Only  50% 
of  the  patients  with  S.  aureus  osteomyelitis  had  TAA  as  evidenced  by  gel  ID  studies 
whereas  80%  demonstrated  TAA  by  CIE  at  a  serum  dilution  of  1:4  or  greater.  CIE  utiliz¬ 
ing  purified  teichoic  acid  and  a  screening  serum  dilution  of  1:4  offers  a  rapid,  reliable 
method  for  determination  of  significant  antibody  responses  to  teichoic  acid  and  is 
slightly  more  sensitive  than  gel  ID. 

RAPID  TEST  FOR  INDOLE  PRODUCTION.  S.  M.  Hussain  Qadri,  S.  Zubairi,  M.  R. 
Karim  and  D.  J.  Flournoy.  University  of  Oklahoma  Health  Sciences  Center,  Okla¬ 
homa  City,  OK.  and  Veterans  Administration  Medical  Center,  Oklahoma  City,  OK. 
and  Washington,  D.C. 

Conventional  test  used  for  the  determination  of  indole  production  require  24-48  hours 
for  completion.  We  describe  a  rapid  test  which  distinguishes  indole  producing  bacteria 
within  5-10  minutes.  The  test  medium  contains  0.05%  (w/v)  L-tryptophan  in  distilled 
water.  Tubes  containing  2  ml  of  the  medium  are  inoculated  to  an  approximate  density  of 
a  number  3  McFarland  standard  using  24  hour  cultures  of  the  isolates  from  sheep  blood 
agar  plates  and  incubated  at  35C.  At  5,  10,  30  and  120  minute  intervals,  0.2  ml  of  the 
suspension  is  placed  in  small  tubes  and  Kovac’s  reagent  added.  A  positive  test  results  in 
the  development  of  red  color  within  a  few  minutes.  The  majority  of  the  913  bacteria  used 
in  this  study  were  isolated  from  clinical  specimens  from  different  hospitals  and  identified 
by  conventional  means.  Of  the  468  indole  producing  isolates  tested,  59%  were  positive 
within  5  minutes,  81.5%  within  10  minutes,  93%  within  30  minutes  and  no  more  than  2 
hours  were  required  for  over  99.5%  of  all  strains  tested  to  produce  indole  from  trypto¬ 
phan.  Six  of  the  468  strains  of  bacteria  used  in  this  study  gave  different  indole  reactions 
by  the  rapid  test  when  compared  with  the  conventional  test.  Certain  isolates  of  Escheri¬ 
chia,  Citrobacter  and  Enterobacter  were  negative  at  2  hours  but  yielded  indole  positive 
results  at  24  hours.  Using  the  rapid  method  described  here,  103  indole  positive  strains  of 
Proteus  were  tested,  83%  were  positive  within  5  minutes,  96%  in  10  minutes  and  100%  in 
120  minutes.  All  the  46  strains  of  P.  mirabilis  remained  negative  at  24  hours.  The  method 
described  here  showed  a  specificity  of  over  98%  and  a  sensitivity  of  over  99%.  It  is  econom¬ 
ical,  easy  to  read  and  represents  a  rapid  method  for  differentiating  bacteria  in  the  clinical 
laboratory. 

SPECIFICITY  OF  XENOANTISERUM  WHICH  INHIBITS  NATURAL  KILLER 
CELLS  AND  ALLOIMMUNE  CYTOTOXIC  T  LYMPHOCYTES  IN  IN  VITRO 

ASSAYS.  David  A.  Lawlor  and  Paula  H.  Saunders,  Departments  of  Microbiology  and 
Surgery /Urology  Division,  University  of  Texas  Health  Science  Center  at  San  Antonio, 
San  Antonio,  TX. 

Xenoantiserum  directed  to  alloimmune  murine  effector  lymphocytes  was  produced  in 
Lewis  rats  by  hyperimmunization  with  immune  peritoneal  exudate  lymphocytes  from 
C57B1/6  (B6)  mice  immunized  to  P815.  After  exhaustive  absorption  with  P815  and  EL4 
target  cells  to  remove  target  cell  reactivity,  the  xenogeneic  serum  was  assayed  for  the  abil¬ 
ity  to  inhibit  cytotoxic  T  lymphocytes  (CTL),  as  assessed  by  an  in  vitro  51Cr-release  assay 
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(in  the  absence  of  complement).  Inhibition  of  immunogen  strain  CTL  was  observed 
when  the  antiserum  was  tested  against  B6  CTL  specifically  immunized  to  P815.  To 
determine  whether  the  xenogeneic  serum  was  restricted  by  strain  specificity,  it  was  tested 
on  CTL  from  BALB/c  immune  to  the  C57B1  lymphoma,  EL4.  Inhibition  of  BALB/c 
CTL  by  the  xenoantiserum  was  comparable  to  that  observed  with  immunogen  strain 
CTL  (B6),  indicating  the  inhibitory  antibodies  were  restricted  by  neither  the  strain  nor 
the  specificity  of  the  effector  CTL.  Cytolytic  activity  of  C58  CTL  directed  against  P815 
target  cells  was  also  inhibited  with  xenogeneic  serum  prepared  against  B6  CTL.  Since 
C58  lymphoid  cells  (Ly  2.1,  3.1)  are  of  a  different  Ly  2,  3  phenotype  than  immunogen  B6 
strain  (Ly  2.2,  3.2)  CTL,  the  xenoantiserum-mediated  inhibition  apparently  is  not 
directed  against  polymorphic  Ly  2,  3  determinants.  To  further  analyze  the  specificity  of 
xenoantiserum-mediated  inhibition  of  murine  effector  cells,  we  tested  the  ability  of  the 
anti-CTL  serum  to  inhibit  natural  killer  (NK)  cytolysis  of  the  NK  susceptible  cell  line, 
YAC.  We  obtained  strong  inhibition  of  NK  effectors  (i.e.,  nonimmune  splenocytes  from 
B6  or  C58  mice),  with  the  xenoantiserum.  Our  results  thus  indicate  that  CTL  and  NK 
cells  may  express  shared  or  cross-reactive  lytic  determinants,  implicating  a  possible  com¬ 
mon  mechanism  of  cytolysis  by  NK  and  alloimmune  CTL. 
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